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ABSTRACT

Mobile Reverse Osmosis Water Purification Units (ROWPU) have been used by the
armed services for over a decade to produce potable water for field applications. While
this technology has proven successful, a need exists to protect the membrane
elements from microbial decomposition during long-term storage. Biocidal agents
must be environmentally safe and effective at inactivating micro-organisms associated
with membrane surfaces without compromising membrane performance. Phase I
studies successfully demonstrated that appropriate methods and testing protocols for
evaluating candidate biocides for their activity and compatibility with membranes were
feasible. In addition, gamma radiation and several chemical biocide systems
exhibited considerable promise.

Phase II of this program would extend this evaluation of chemical biocides and
methodologies for element preservation. Potential biocides, identified from database
surveys and other sources, would be screened to determine their microbicidal activity
against biologically fouled membranes. Microbicidal activity would be determined by
comparing transport properties before and after exposure to potential biocides.
Candidate biocides would be further evaluated under dynamic flow conditions and in
element soak tests to confirm membrane compatibility and long-term stability.
Biocides would be ranked according to microbicidal activity, long-term stability,
membrane compatibility, cost and environmental safety.
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1.0 INTRODUCTION

The objective of the Phase I feasibility program was (1) to identify existing and novel
antimicrobial agents (i.e., biocides) for preservation of reverse osmosis membrane
elements used in the ROWPU systems and (2) to determine the feasibility for biocide
testing and performance evaluation. The program focused on Filmtec and Fluid Systems
membranes currently used in all ROWPU's. The candidate biocides that were selected for
evaluation are based on their reported disinfection activities, known or suspected effects
on reverse osmosis membrane integrity and performance, safety and environmental
properties, chemical stability and shelf life, ease of handling, commercial availability and
cost.

The specific Phase I objectives included:

1. Identification of known biocides or other chemical compounds (or mixtures of
compounds) that may have potential as membrane preservatives,

2. Selection of candidate biocides based on reported toxicological properties,
microbicidal and other criteria,

3. Selection and/or development of appropriate methods and testing protocols for
evaluating candidate biocides for their activity and compatibility, and

4. Preliminary activity and compatibility testing to validate testing protocols.

The Phase I activities focused on five areas:

1. Completion of a computer data base search for biocides suited for the

requirements set forth for ROWPU reverse osmosis element storage.

2. Selection of approximately sixteen biocides to be evaluated on this program.

3. Procurement of ROWPU elements for testing and evaluation at both Separation
Systems Technology and at the Orange County Water District Facility. All
membrane used in the biocide study was derived from the aforementioned
elements for biocide evaluations.

4. Reverse osmosis qualification testing of both Filmtec and Fluid Systems
membranes, under seawater conditions, at Separation Systems Technology to
qualify membrane samples for long term storage in each biocide. The purpose of
this test was to determine what effect, if any, the biocides may have on the transport
properties of the membrane.

5. Installation and integration of several element test vessels, on a slip stream, in the
Orange County Water District's 5,000,000 gallon per day reverse osmosis plant
operating on secondary treated municipal waste water. Both Filmtec and Fluid
Systems membrane elements were operated for several weeks to foul and/or
contaminate the membrane with microorganisms. Subsequently, the membrane
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was removed from the elements and placed in the various biocides for long term
storage. At the end of storage period, the membrane samples and the biocide
solutions were analyzed for live microorganisms to determine the effectiveness of
the biocide.

1.1 BIOCIDE SELECTION

The selection of the individual biocides for this study was determined after reviewing the
following references;

1. A detailed literature search including a review of membrane related biocides.

2. A computer data base search.

3. Contact with a number of commercial biocide producing companies.

4. Consultation with microbiology researchers at several universities.

5. Reference to:
Seymour S. Block, Disinfection. Sterilization and Preservation. Lea and Febiger
Press, Philadelphia, 1983.

6. Consultation with Dr. Harry Ridgway, chief microbiologist at the Orange County
Water District, on the operational experiences at Water Factory 21 - a 5,000,000
gallon per day reverse osmosis plant operating on secondary treated municipal
waste water since 1972.

7. Consultation with Dr. Charles Moody of the U.S. Bureau of Reclamation.

8. A review of several commercial seawater reverse osmosis plant histories with the
plant engineers.

After screening a large number of candidates, the following were selected for evaluation:

1. Gamma radiation:

Types of ionizing radiation are x-rays, gamma-rays, high speed electrons (beta-
rays), protons and alpha-rays. In practice, beta - rays and especially gamma-rays
(usually produced from a cobalt 60 source) are employed. Ionizing radiation
is believed to exert its effect by bringing about single-strand or double-strand
breakages in DNA, the latter being more lethal. In order to establish a sterilizing
dose for a given material, one must be able to balance the radiation tolerance of a
material against that dose of radiation considered necessary to establish sterility.
For relatively inert materials such as plastics, large doses can be used with relative
impunity. The use of gamma radiation to sterilize hospital supplies such as plastic
hypodermic syringes, sutures, and containers is the main commercial application
for ionizing radiation. Thus, it follows that sterilization of spiral-wound ROWPU
reverse osmosis membrane elements by gamma radiation is a very promising
candidate for evaluation.
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2. Quaternary ammonium compounds:

These surface active agents encompass a large group of compounds that have
widespread use as sanitizing and disinfecting agents. The quaternary ammonium
compounds are water-soluble cationic surface-active agents that inhibit
microorganisms in low concentrations. Although the quaternary ammonium
compounds are inherently effective biocides, they have been found to be
incompatible with a large number of materials, especially anionic compounds. The
latter is of some concern, particularly with the negatively charged Filmtec
membrane. To neutralize the negative charge on the membrane surface, it may be
necessary to increase the ionic strength of the biocide solution with salts.
Both Cetyltrimethylammonium p-toluene sulfonate and benzalkonium chloride
(C12, H25, N, C9,H13,CI) were evaluated.

3. Ethylene diaminetetraacetic acid (EDTA):

Extensive studies on mode of action reviewed by Wilkenson (1975) relate
essentially to metal binding by EDTA, especially magnesium, for Pseudomonas
species in general. It appears that the outer membrane of gram-negative cells, i.e.,
the lipopolysaccharide, is structurally stabilized by Mg+ + . Removal of Mg+ + by
EDTA complexing disorients the outer membrane exposing the thin (one-
molecular-layer) peptidoglycan sacculus to environmental insult, including
permeability to many antimicrobial agents.

4. Mixture of ethylene diaminetetraacetic acid (EDTA) and auaternary ammonium

EDTA has been demonstrated to increase the activity of benzalkonium chloride
against gram-negative organisms. It appears that EDTA is synergistic with these
compounds. The effectiveness of EDTA extends the utility of quaternary
ammonium compounds.

5. Benzoic acid:

Benzoic acid is one of the oldest antimicrobial compounds that has been used in
the food and drug fields. Generally, concentrations of 0.1 to 0.5% of the compound,
incorporated as sodium benzoate, have been used effectively. The advantageous
features are low toxicity, low price and ease of incorporation or formulation.
Benzoic acid is effective against bacteria in acid media at a level of 0.15% and in
neutral media at 0.2% but is inactive in alkaline media.

6. Brc cd

The undissociated acid is the active form. It is mainly active against yeasts with
less activity against molds.

7. Mixture of benzoic acid and boric acid (Memstore):

Memstore, a synergistic system based on a benzoic acid-boric acid mixture.
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8. Mixture of methvlchloroisothiazolinone and methyl isothiazolinone:

0 Kathon CG is a mixture of methylchloroisothiazolinone and methyl isothiazolinone.
It is supplied as a water soluble formulation. Its broad-spectrum activity and
compatibility with other materials are complemented by low toxicity at
recommended use levels.

9. Mixture of alycerin and sodium bisulfite:

The mixture was run as a control, since Filmtec ROWPU elements are presently
stored in this solution.

10. GlutaraldehvdY:

Glutaraldehyde was run as a control since Fluid Systems ROWPU elements are
presently stored in this solution. Glutaraldehyde has been shown to exhibit
potent activity against a range of fungi. Vegetative bacteria are readily susceptible
to the action of glutaraidehyde. However, there are reports in the literature of
resistance of microorganisms to glutaraldehyde. It is possible that the latter may be
attributed to contamination. The presence of various types and amounts of organic
and inorganic materials as well as changes in pH may lead to adsorption,
alteration, or inactivation of the disinfectant, significantly reducing recommended
effective concentrations. Also, substandard preparation of the "activated"
disinfectant, contamination of solutions, failure to replace solutions that have
deteriorated on standing, or even dilution of residual glutaraldehyde solution may
all modify the response of a particular species to the disinfectant, resulting in
possible contamination. Due attention should therefore be exercised in the use of
glutaraldehyde, as with any disinfectant, to avoid such occurrence.

11. Sorbic acid:

Sorbic acid was introduced as a preservative in recent years as a result of its
history as a safe and effective food additive. It is more effective than benzoic acid
as an antifungal agent, but, like benzoic and other acids, it is active only as the
undissociated molecule. It has been shown that sorbic acid was effective against a

0 variety of soil microorganisms at concentrations of 0.05% at pH 5.1, but at pH 6.0,
0.20% was required to inhibit growth. In general, it appears that sorbic acid is an
effective preservative for acidic formulations. Various investigators have examined
the interaction between sorbic and nonionic surfactants. It was generally found
that sorbic ac'd retained sufficient activity to inhibit bacterial and fungal growth.

* 12. S

Salicylic acid, or o-hydroxybenzoic acid, is a white crystal that dissolves in water at
a level of 0.2 gl100 g of water at room temperature. Its pKa is 2.97. Salicylic acid
reacts with proteins, damaging the plasma of microbial cells and probably

* interfering with enzyme activity. Salicylic acid interferes with pantothenic acid
formation, which Is necessary for many organisms. It is more effective against
yeasts and molds than against bacteria, but it is more effective against bacteria
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than is benzoic acid. Salicylic acid can be used only in highly acidic environments

because of its dissociation behavior (dissociation constant of 1.07 x 10-3).

13. Mixture of olvcerin and C9. H10. 031 - Prooard:

A commercial mixture of glycerin and a (C9, H10, 03) compound sold as a
membrane preservative. The recommended pH is 5.5. It is believed that the
biocide component is either a benzoic acid or benzaldehyde derivative.

14. 1 -Bromo-3-chloro-5.5-dimethvlhvdantoin(BCDM H):

BCDMH is a safe, effective alternative to chlorine-based oxidizing biocides and
non-oxidizing biocides for microbiological control in industrial cooling waters. In
water, BCDMH releases the active bromine disinfection species, hypobromous
acid. BCDMH effectively controls bacterial, algal, and fungal slimes. In addition,
it is registered by the United States Environmental Protection Agency.

15. Formaldehyde condensate: 2-Bromo-2-nitro-1.3-propane diol. (BNPD):

Many preservatives have been developed whose activities are based on the
gradual release of formaldehyde. Such products retain the antimicrobial properties
of formaldehyde while avoiding the odor and volatility associated with
formaldehyde. Among those compounds that have antimicrobial activity only after
decomposition are those based on putative formaldehyde release. This includes a
large number of compounds, both cyclic and acyclic, representing a diverse array
of structures. The initial reaction in the decomposition of BNPD in aqueous
solutions results in the liberation of 2-bromo-2-nitroethanol and formaldehyde.
Broad spectrum activity is an important requirement for an antimicrobial. BNPD is
highly effective against gram negative and gram positive bacteria. BNPD is more
effective against bacteria than against fungi and yeasts. However, its effectiveness
against the latter increases at higher concentrations. Where fungal contamination
is a problem, BNPD can be used in conjunction with other preservatives to effect
control.

16. Mixture of benzalkonium chloride and EDTA:

A mixture of these compounds is reported to exhibit synergistic biocidal effects.
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1.2 METHODS AND MATERIALS

Polyetherurea and polyamide thin-film composite membrane samples were cut from both
Fluid Systems and Filmtec spiral-wound ROWPU elements. The location of the membrane
samples both within the element and within each sheet were recorded. On a given strip of
membrane, six samples were removed for the biocide study. Three samples were tested
in reverse osmosis at 800 psi applied pressure on ASTM synthetic seawater. A minimum
rejection of 98.5% was required to qualify the membrane samples for the biocide study.
Subsequently, the three alternating samples were placed into various concentrations of
the selected biocide solutions at a given pH and stored at room temperature in a dark
container. A sodium bicarbonate-hydrochloric acid buffer solution was employed. The
three samples stored in the biocide solutions were tested under the same aforementioned
conditions after about seventy days to determine if the membrane transport properties
were detrimentally affected by the biocides. Seventeen (17) biocides, including gamma
irradiation, were selected for study. Results of these studies are presented below.

2.0 GAMMA IRRADIATION STUDIES FOR MEMBRANE STERILIZATON

Radiation sterilization is a highly reliable, cost competitive, low-temperature sterilizing
process. Two types of ionizing radiation, gamma and beta, are generally used for this
application. Contact sterilizers favor gamma radiation, characterized by its deep
penetration and low dose rates, over beta particles, characterized by low penetration and
high dose rates.

Gamma radiation is attractive as a method for sterilizing ROWPU reverse osmosis
elements since the elements are often stored for several years before use. The ROWPU
elements would be irradiated soon after assembly and packaging by the element
manufacturer. In addition, it may be beneficial to incorporate a chemical biocide into the
element packaging, prior to irradiation, as an additional safeguard. For sterilization in the
field, the latter biocide could be readministered.

In Phase I of this program, the effects of gamma radiation on the transport properties of
both Filmtec and Fluid Systems membranes were determined. In a parallel study, the
effectiveness of gamma radiation for sterilization was determined with both Filmtec and
Fluid Systems membranes that had been fouled with microorganisms during reverse
osmosis operation on munincipal waste water at Orange County Water District.

2.1 BENEFITS AND APPLICATIONS OF GAMMA PROCESSING

Gamma processing is now the preferred sterilization method of all major medical
companies around the world. Radiation enables the sterilization of medical products
within their own sealed packaging. Irradiation generates very little heat and is considered
a cold process, permitting the sterilization of heat sensitive materials. In addition, it leaves
no harmful residue.

The many uses of irradiation has rapidly expanded to include the sterilization or
decontamination of some pharmaceutical materials and containers, laboratory supplies,
cosmetic materials, containers and applicators, various food packaging products, and
food itself.
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2.2 MECHANISM

The nucleic acids and proteins present in all micro-organisms are each adversely affected
by gamma rays emitted in the radioactive decay of cobat-60. However, the disruption of
nucleic acids, which contain information essential for growth, is substantially more crucial
that the disruption of proteins. The most critical nucleic acid, DNA, contains the blue print
for future generations within its exact structure. Therefore, any disruptive effects of
ionizing radiation on life, focuses on damage done to DNA.

The principal effect of intensive gamma ray exposure on DNA is depolymerization. In this
reaction, it is essential that both nucleotide strands are ruptured, since repair enzymes
can regenerate the complete DNA helix from the information present on a single strand.
The ionizing radiation environment also interacts with the base, sugar, and phosphate
units of the nucleotide. Disruption of the base units, the most sensitive portion of the
nucleotide, can lead to intrastrand or interstrand cross links in the DNA (biologically
inactive structures).

In addition to the direct kill mechanism, indirect effects significantly contribute to the
demise of DNA. These effects are dependent on the presence of water and oxygen.
Water is dissociated in the presence of ionizing radiation, forming hydroxyl radicals.
These radicals attack the bases and also extract hydrogen from the sugar units which
ultimately results in scissions of sugar-phosphate bonds. Irradiation under aerobic
conditions increases the extent of damage to DNA. Formation of peroxy radicals
promotes breakage of the deoxyribose-phosphate bond.

At an absorbed dose of 2-3 Mrads, only a small fraction of the linking bonds is ruptured.
However, for a DNA molecule, an absorbed dose of 2-3 Mrads causes approximately 10
to the 5th chain scissions, a sufficient amount to kill all micro-organisms in a packaged
product and preclude enzyme repair processes.

2.3 RADIATION PROCESSING FACILITIES

An irradiation facility consists of a cobalt 60 energy source, an irradiator building with a
processing room, a material handling system, and a warehouse. The products to be
irradiated are transported into and out of the processing room on an automated conveyor
system and in their shipping containers. The irradiation process is extremely safe and
does not make materials radioactive. In fact, irradiated goods can be safely handled and
used immediately after treatment. The irradiation processing industry is governed by strict
and comprehensive safety regulations. As a result, extensive safety features are built into
each system.

2.4 GUIDELINES FOR VALIDATING THE GAMMA STERILIZATION
PROCESS

The AAM I guidelines for gamma sterilization of medical devices lists five basic steps.
These serve to validate the minimum radiation dose required to ensure that the product
and package content are completely sterile. The five steps are:
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1. Materials Compatibility

2. Dose Setting

3. Product Loading Pattern

4. Dose Distribution Pattern

5. Cycle Timer Setting

In the Phase I program we were only concerned with (1) and (2).

Each polymer reacts differently to ionizing radiation. It is important to verify that the
maximum dose likely to be administered will not have a detrimental effect on the transport
properties of the membranes. Thus, membrane samples were irradiated to the highest
dose likely to be encountered during routine processing; to date, the highest dose that
the membranes were exposed was 2.6 Mrads.

The chances of one organism surviving after irradiation, decreases logarithmically with
increasing dosage. However, it is important to take into account microbial population
characteristics which define its pre-sterilization bioburden. Relevant characteristics
include:

1. The magnitude of the population, and

2. The resistance properties of the population to radiation.

A higher minimum dose will be required for membranes with a higher bioburden that for
membranes with a lower bioburden. Most of these factors can be overcome simply by
using an "overkill" dose level. This term typically applies to a minimum dose level of 2.5
Mrads. To validate the "overkill" level, it is common to employ a test procedure known as
the modified Kilmer Method in which a give number of membranes are irradiated at 1.01 +
0.05 Mrads. Following irradiation, a membrane sterility test is performed. Results fall into
three basic categories:

1. A yield of no surviving organisms validates the 2.5 Mrad dose,

2. A yield of one survivor requires a re-test, or

3. A yield of two or more survivors suggests the need to evaluate and correct those
factors in the production process causing a high bioburden.

2.5 EXPERIMENTAL RESULTS

Polyetherurea and polyamide thin-film composite membrane samples were taken from
both Fluid Systems and Filmtec spiral-wound ROWPU elements, respectively. The
location of the membrane samples both within the element and within each sheet were
recorded. On a given strip of membrane, six samples were removed for the gamma
radiation study. Three samples were tested in reverse osmosis at 800 psi applied
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pressure on ASTM synthetic seawater; a minimum of 98.5% rejection was required to
qualify the membrane samples for the irradiation study. The three alternating membrane
samples were packaged in a sealed polyethylene bag for subsequent exposure to
irradiation. The membranes were gamma irradiated at various dose levqls and
temperatures as follows:

1. 2.6 Mrads at 60 0C

2. 2.5 Mrads at ambient temperature (Cooled)

3. 2.1 Mrads at 600C

4. 1.6 Mrads at 600C

Three sets of membranes from both Fluid Systems and Filmtec were irradiated under
each of the aforementioned conditions; each set of membrane contained three individual
samples. In total, seventy two (72) membrane samples were irradiated. After irradiation,
the membranes were tested in reverse osmosis at the same conditions as the controls. A
summary of the results of the study are presented in Table 1. A summary of the individual
test results are detailed in Table 2; the individual test results are given in Appendix A and
B.

These studies have shown that there is limited deterioration of the Filmtec polyamide
membrane upon exposure to gamma radiation. Fluid Systems membranes, on the other
hand, degraded significantly.

It is well known that the Fluid Systems polyetherurea membrane is both chemically and
physically less durable than the Filmtec polyamide membrane. In the presence of ionizing
radiation, water is dissociated to form the hydroxyl radical. It is likely that the degradation
of the membrane is related to the presence of the hydroxyl radical. In the future, it may be
necessary to include a radical scavenger in the aqueous environment of the membrane.

In a parallel study, biofilms were formed on the surfaces of both Fluid Systems and
Filmtec membranes in spiral elements that were operated for several months on a
municipal waste water feed at the Orange County Water District's Water Factory - 21
5,000,000 gallons per day reverse osmosis plant. Subsequently, the biofouled
membranes were removed from the elements, cut into rectangular sections measuring
approximately 4" x 12", place in sealed plastic bags and irradiated under different
conditions. A control sample was left unirradiated. The inactivation of reverse osmosis
biofilm bacteria by gamma irradiation is shown in Figure 1.

Following irradiation, the membrane surfaces were scraped with a sterile razor blade to
remove biofilm bacteria. The scrapings were resuspended in 5.0 mL of sterile buffer
solution and the number of surviving cells per mL determined by plating appropriate
dilutions onto R2A agar growth medium. Air-born contamination resulting from scraping
and related handling was probably responsible for the two instances where a very low
number of bacteria were directed following irradiation. These low values were based on
the appearance of a single colony on a plate. It can be concluded that gamma irradiation
produced a total kill of the biofilm.
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In summary, these results are very promising. Gamma radiation promises to be an

excellent method for sterilizing ROWPU elements and will be conducted during Phase I1.

2.6 GAMMA STERILIZATION COSTS

Pricing schedules for gamma irradiation of ROWPU elements is based on the tote size
and loading. A tote contains the ROWPU elements while it moves through the radiation
room. The tote's internal dimensions are 20" X 50" X 36". Thus, approximately 15
ROWPU elements could be placed in a single tote. The charge for a single tote, for 2.5
Mrads minimum dosage, is $39.00. On this basis, the sterilization cost per elements
would be in the order of $3.00. Special handling charges such as refrigeration, pallet
wrapping, etc. would be additional. Thus, the cost of sterilization by gamma irradiation is
competitive with chemical biocides.
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3.0 MEMBRANE COMPATIBILITY TESTING WITH FIFTEEN
CANDIDATE BIOCIDAL AGENTS

3.1 BACKGROUND/EXPERIMENTAL APPROACH

Antimicrobial agents may adversely affect membrane integrity and/or performance. In
order to test for this possibility, 1.5 x 3.5 inch rectangular sections of membrane were
removed from new Fluid Systems and Filmtec spiral-elements and performance rated in
reverse osmosis tests for initial water flux and salt rejection at 800 psig on a synthetic
seawater feed solution. A corresponding set of membranes samples were immersed in
fifteen different candidate biocidal agents, or biocide combinations, at ambient
temperature for up to three months. Low, medium and high concentrations of the biocidal
agents in buffered solutions were used in the immersion tests. Tests were performed in
triplicate. These tests were performed using aseptic techniques to eliminate the potential
for microbial regrowth and/or metabolic processes. Sterile control membrane
preparations were incubated under identical conditions in the buffered solution, but
without added antibicidal agent.

After the membranes have soaked for the appropriate duration, the water flux and salt
rejection of all membrane samples are determined in the same reverse osmosis test at
800 psig on a synthetic seawater feed solution. Any significant difference in the pre-soak
and post-soak performance values, when compared with the untreated control
preparation, can be interpretated as an effect of the biocidal agent on the membrane.

3.2 RESULTS

A summary of the pre-soak and post-soak reverse osmosis performance results are
presented in Table 3. Growth prevention is expressed as "minimum inhibitory
concentration" (MIC), i.e., the highest biocide dilution that results in complete growth
inhibition (see Section 6.0). Detailed performance data sheets for each individual test
described in Table 3 are shown in Table 4.

Extreme care was taken in removing the membrane samples from the spiral elements to
minimize physical damage. The elements were flushed with a 50% glycerin solution prior
to dissection to lubricate the membrane against spacer screen damage. This is
particularly important for Fluid Systems membranes since it well known that these
membranes are very delicate on the thin film surface and are easily damaged. There is
also some concern about membrane damage induced by the 0-ring of the test cell during
reverse osmosis testing. Ideally, a study of this type should be conducted with spiral
elements to minimize and/or eliminate these variables. Thus, some variation in
membrane performance, particularly salt rejection, can be expected due to membrane
damage by excessive handling.

In addition to the fifteen biocides, a control solution without biocide was evaluated to
establish a baseline variation in test performance. The results of this test are given in
Table 4. The average change in water flux and salt rejection for the Fluid Systems
membrane was +1.2 gfd and -0.4%, respectively. The average change in water flux and
salt rejection for the Filmtec membrane was +2.0 gfd and -0.13%, respectively. Thus, any
significant change in membrane transport properties, before and after immersion in
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biocides, must be greater than the baseline test control. This variation in membrane
performance, particularly Fluid Systems membrane, may be due to membrane damage
caused by handling. In nearly every case, the loss in rejection exhibited by Fluid Systems
membrane after biocide exposure exceeded that of the control.

Several quaternary ammonium compounds were selected for evaluation since this class
of materials has been shown to be an effective biocide. These compounds carry a net
positive charge and, depending on the magnitude of the charge, can interact with some
reverse osmosis membranes. The thin-film composite membrane removed from the Fluid
Systems elements has an aliphaticlaromatic polyetherurea thin film while the membrane
removed from the Filmtec element has a fully aromatic polyamide thin film; the Fluid
Systems membrane surface is near neutral while the Filmtec membrane surface carries a
slight negative charge in the form of carboxyl groups. Thus, it was not totally unexpected
that Filmtec membrane showed a severe loss in water flux after storage in quaternary
ammonium compounds such as benzalkonium chloride and cetyltrimethylammonium p-
toluene sulfonate. (See Table 3). The water flux of the Fluid Systems membrane, on the
other hand, was not affected. Nevertheless, more investigations should be conducted.
Various types of quaternary ammonium compounds should be evaluated at various ionic
strengths; by varying the ionic strength of the biocide solution it may be possible to
minimize or eliminate the charge interaction of the biocide with the membrane.

Two commercial biocide solutions, Memstore from King Lee Chemicals (sodium
benzoate/sodium borate) and Progard from Argo Scientific (glycerin/C9, H10, 03),
produced uncertain results which appear to adversely affect the membranes. However,
with commercial biocides, the solutions were used at the prescribed pH and concentration
as designated by the supplier. Thus, only three membrane samples were used. In all
other tests, three samples were used for each of three concentrations for a total of nine
samples. These tests with commercial biocides should be repeated in Phase II with a
greater number of samples and/or with membrane in spiral elements.

Formaldehyde, a very effective biocidal agent, has been used in the reverse osmosis
industry for years. Unfortunately, formaldehyde is a hazardous material that can cause
severe health problems. For these reasons, membrane manufacturers have switched to
glutaraldehyde, a dialdehyde, which is somewhat less hazardous due to its lower vapor
pressure. Glutaraldehyde is used as a preservative for the Fluid Systems membrane. For
this reason, glutaraldehyde was included in the list of candidate biocides for this study.
While glutaraldehyde did not affect the transport properties of the Fluid Systems
membrane, it drastically lowered the water flux of the Filmtec membrane to an
unacceptable level. Clearly, glutaraldehyde is not an acceptable candidate for the
Filmtec membrane.

A mixture of sodium bisulfite and glycerin is used as a storage biocide for the Filmtec
membrane. Accordingly, this biocidal mixture was evaluated in this study. The results
would suggest that this biocide should qualify for further evaluation during Phase II of
this program.

Substituted isothiazolinone, Kathon, appears to be acceptable for both membranes even
though the water flux was somewhat lower for the Filmtec membrane than desired. This
material should be evaluated more extensively during Phase II. Kathon is a readily
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available commercial biocide currently used as a reverse osmosis membrane
preservative.

Both ethylenediaminetetracetic acid (EDTA) and an EDTA-sodium benzoate mixture had
little, if any effect, on the transport properties of either Fluid Systems or Filmtec
membranes. These materials are excellent candidates for further study.

Bromonitropropane diol lowered the water flux of the Filmtec membrane by about 50%.
Based on this observation, it does not appear to warrant further study as a general biocide
for either Fluid Systems or Filmtec membranes.

4.0 SCREENING TESTS OF EXPERIMENTAL BIOCIDES USING
BIOFOULED FLUID SYSTEMS AND FILMTEC MEMBRANES

4.1 BACKGROUND/EXPERIMENTAL APPROACH

The experimental strategy involved determination of whether a particular biocidal agent,
or combination of agents, was able to prevent regrowth of bacteria in biofilms associated
with reverse osmosis membrane coupons. Regrowth was determined by visual

0 inspection of test tube cultures (each containing a fragment of a biologically fouled
reverse osmosis membrane + growth medium) for turbidity after an appropriate period of
incubation. Biocides tested in dilute R2A broth (Reasoner and Geldreich, 1987), a
complex organic medium designed to support the growth of a wide variety of environ-
mental bacteria, including those which might be associated with fouled reverse osmosis
membrane surfaces (Ridgway, 1988). Biocides were defined as effective only if they
completely prevented microbial growth and turbidity development in the broth cultures.
However, microbial activity within the biofilm itself was not explored using this approach.

4.2 EXPERIMENTAL PROTOCOL

Fourteen different biocidal agents (or biocide combinations) were tested over a wide
range of concentrations to determine their relative effectiveness in suppressing the growth
of bacteria associated with reverse osmosis biofilms. Biofilms were formed on the
surfaces of both Fluid Systems polyetherurea and Filmtec aromatic polyamide thin-film
composite reverse osmosis membranes that had been operated on pretreated municipal
(activated-sludge effluent) feedwater at Water Factory 21 (Orange County Water District,
Fountain Valley, CA.) for a period of approximately two months.

Ten different concentrations of each biocide solution were prepared in duplicate in two-
fold dilution series ranging from 1:2 to 1:1024. The diluent used was R2A broth (complex
bacteriological growth medium) diluted 1:5 with the pH's adjusted appropriately for each
biocide. To each tube, 5.0 ml of the biocide stock working solution was added to the first
tube and two-fold dilutions were prepared from this tube. Duplicate control preparations
containing no biocide were included with each dilution series.

Stock working solutions of biocides were prepared using ultrapure (18 megaohm) water
and their pH's adjusted according to the following schedule. Each stock biocide solution
was filter sterilized and stored in sterile plastic containers.
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BIOCIDE STOCK WORKING SOLUTION gH BIOCIDE I.D. LABEL

Sodium Benzoate, 1.0% 5.0 A
EDTA, 1.0% 5.0 B
Sodium Benzoate/EDTA, 1.0% 5.0 C
Salicylic Acid, 0.4% 5.0 D
Sorbic Acid, 0.2% 5.0 E
Benzalkonium Chloride/EDTA, 1.0% 5.0 F
Glutaraldehyde, 6.0% 5.0 G
Benzalkonium Chloride, 1.0% 7.0 H
Substituted Isothiazolinone, 1.0% 7.0 1
Bromochlorodimethyl Hydantoin, 200 mg/I 7.0 J
Cetyltrimethylammonium p-toluene
suffonate, 0.1% 7.0 K
Sodium Bisulfite, 2.0% 7.0 L
Sodium Benzoate/Sodium Borate, 1.0% 5.5 M
Bromonitropropane diol, 1.0% 6.0 N

The biofouled reverse osmosis membranes were cut into rectangular sections measuring
approximately 1- x 2-cm and a single such fragment was added to each test tube in the
series (including controls). The tubes were incubated at 30°C with agitation (200 rpm) for
up to 18 days. The presence (+) or absence (-) of visible turbidity, indicating growth or no
growth, respectively, was recorded after four and eighteen days of incubation.

4.3 RESULTS

Results of the biocide screening tests are summarized for Filmtec and Fluid Systems
membranes in Tables 5-8 and in Figures 2-4. Because some of the biofilm bacteria grew
slowly, a two to three week incubation time was preferred (compared to shorter times) to
obtain conclusive results. Some test tubes which were clearly negative (i.e., no visible
growth) after the initial four or six day incubation period, converted to positive (i.e., visible
growth) after 14-18 days incubation. Thus, a minimum 14 day incubation time will be
employed in all future biocide growth-inhibition tests.

The "minimum inhibitory concentrations" (MIC values) used for the fourteen biocides
tested are summarized in Tables 5-8 and Figure 2. The biocides which exhibited the
greatest degree of growth inhibition included:

EDTA (1% wt.Nol.) working solution)
Sodium Benzoate/EDTA mixture (1% wt./vol. each)
Benzalkonium Chloride/EDTA mixture (1% wt./vol. each)
Glutaraldehyde (6% wt.vol.)
Benzalkonium Chloride (1% wt./vol.)
Substituted Isothiazolinone (1% wt./vol.)
Cetyltrimethylammonium p-toluene suffonate (0.1% wt.Ivol.)

The above agents all inhibited microbial re-growth at final dilutions of 1:256 or more.
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The least effective biocides included:
Salicylic Acid (0.4% wt.vol.)
Sorbic Acid ( 0.2% wt./vol.)
Bromochlorodimethyl Hydantoin (200 mg/I)

Each of these agents resulted in growth inhibition only up to dilutions of 1:4. Memstore,
the sodium benzoate/sodium borate mixture (1% wt.tvol.), exhibited growth inhibition only
up to a 1: 8 dilution.

The "molar activity" of each biocide is presented in Figures 3 and 4 (Molar activities
shown in Figure 4 are log values). Molar activity was defined as the quotient of the
observed MIC for a particular compound divided by the molarity of the stock solution for
the same compound. Thus, the molar activity values presented in Figure 3 represent
biocide activity expressed on a "per molecule" basis, thereby allowing direct comparison
of activity between different biocides. Interestingly, Kathon yielded the highest molar
activity followed by cetyltrimethylammonium p-toluene suffonate, EDTA, benzalkonium
chloride + EDTA, benzalkonium chloride and sodium benzoate + EDTA, respectively. The
relatively high molar activity of the divalent cation chelating agent EDTA combined with its
comparatively ease of handling and low environmental toxicity suggests that this
compound and its many chemical analogs should be tested more thoroughly in a Phase II
effort.

Interestingly, biocide activity appeared to be generally greater (higher MIC's) using the
Fluid Systems polyetherurea membrane than the Filmtec polyamide membrane. The
reason for this difference is not clear at this time and deserves further investigation during
Phase II. It is possible that the size and/or qualitative composition (i.e., type of bacteria) of
inoculum was somewhat different for the two types of RO membrane, although both
membranes were operated on the same feedwater for the same amount of time (about
two months) at Water Factory 21. Nevertheless, different membrane types used in this
study. During the Phase II effort the amount of biofilm associated with different membrane
elements will be quantified prior to using these membranes to challenge experimental
biocides.

The least effective biocides included salicylic acid, sorbic acid, and bromochloradimethyl
hydantoin. Each of these agents resulted in growth inhibition only up to dilutions of 1:4 or
less. Memstore exhibited growth inhibition only up to a dilution on the Filmtec membrane
and showed no detectable activity at any dilution on the Fluid Systems membrane.
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Table 5

1Raw Biocide MIC Data for FilmTec Polyamide Membrane

-lcd Di__ o Factor .( = rowth -

Biocide 2 4 8 16 32 64 128 256 512 1024 con
A + + + + + + + +

.. + + + + + +

+ - -

B . . . .. .. . +

. ... + +
D + + + + + + + + +

- - + + + + + + + + NA
E + + + +

- - + + + + + +
F . . . . . .... . +

+ +

G . .. ... +

. - . . . . .. + +
H . .. .... +

I + +.. . . + +/- + +
___ _ . . . . . .. - +/- - +/- +
J - + + +1- + + + + + + +

- + + +/-+/-+/- + + + + +
K NA + + +

N.. + + +
L . . . .- + + + + + + +

. .. + + + + + +

M -+ + + + + + + +
-__ - +- + + + NA + + + +

N . ... +/- +/- + + +

-.-. . . .m +. +/- + +/- +
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Table 6

Raw Biocide MIC Data for Fluid Systems Polyetherurea Membrane

Biocide Dilution Factor += rowh-
Biocide 2 4 8 16 32 64 128 256 512 1024 con

A - + + + + + + + +
+ + + + + + + +

B + +/- + + + +
.. +/- NA + + +

C . . . . . + + + + + +

... + + + + +. +

D - + + + + + + + + + +

- + + + + + + + + + +

E + + + + + + + + +

. + + + + + + + + +

F . + + +
. + + +

G + + + + +
. + + + + +

H + +. . . . . + + +

K- + + + + + +

I + + +. + + + + +
+ +.+. + + + + +

J + + + + + + + + + + +
+ + + + + + + + + + +

K + + + + + + +
. + + + + + + +

L -+ + + + + + + +
.- + + + + + + + +

M + + + + + + + + + + +

___ + + + + + + + + + + +
N ... + + - + + +

. . . . . + + + + + +
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BIOCIDE LEGEND FOR TABLES 5 AND 6

con = control (no biocide addition)
A = Sodium Benzoate, 1%
B = EDTA, 1%
C = Sodium BenzoateEDTA, 1%
D = Salicylic Acid, 0.4%
E = Sorbic Acid, 0.2%
F = Benzalkonium ChlorideIEDTA, 1%
G = Glutaraldehyde, 6%
H = Benzalkonium Chloride, 1%

I= Kathon, 1%
J = Bromochiorodimethyl Hydantoin, 200 mgfl
K = Cetyltnimethammonium p-toluene Sulfonate, 0.1%
L = Sodium Bisulfite, 2%
M = Memstore, 1%
N = Bromonitropropanediol, 1%

NA = Not Available
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Table 7

MIC Values and Molar Activities of Biocides Tested Against Filmtec Polyamide
Membrane

Blocide Stock % Mol. Wt. Molarity MICb Molar
Activity

Na/benzoate 1.0 144.1 0.069 8 116
EDTA 1.0 372.2 0.0269 1024 38067
Na/benzoate + EDTA 1.0 2580 0.0388 512 13196
salicylic acid 0.4 138.12 0.2896 4 13.8
sorbic acid 0.2 112.13 0.179 2 11.2

benzalkonium/CI 1.0 324* 0.0309 1024 33139
+EDTA

glutaraldehyde 6.0 100.12 0.599 512 854.8

benzalkonium/Cl .. _ 276 0.0362 1024 28287

Kathon 1.0 ? ? 128 ?

bromochlorodi- 0.02 241 0.00083 2 2409.6
methyl hydantoin
cetyltrimethylam- 0.1 455.7 0.00219 256 116895
monium p-toluene
suftonate

Na/bisulfite 2.0 104 0.192 16 83.3
Memstore 1.0 ? ? 4 ?

Progard 80.0d 166 ? 8 ?
bromonitropropane- 1.0 200 0.050 64 1280
diol

a Molecular weight sown is an average o component molecular'ig?.

b MIC ='minimal inhibitory concentration', i.e., the highest biocide dilution that resulted in
complete growth inhibition.

c 'Molar Activity' refers to observed biocide activity (MIC) expressed per mole of biocide.
Molar activity is computed by dividing the MIC by the molarity of the stock biocide
solution.

d Commercial product diluted to 80% strength for working stock. Concentration of active
ingredient was unknown.
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Table 8

MIC Values and Molar Activities of Biocides Tested Against Fluid System
Polyetherurea Membrane

Biocide Stock % jMol. Wt. IMolarity IMICO Molar
____ ___ ____ _ - A ctivityd

Na/benzoate 1.0 144.1 0.069 8 116
EDTA 1.0 372.2 0.0269 64 2379

Na/benzoate + EDTA 1.0 258* 0.0388 32 825

salicylic acid 0.4 138.12 0.2896 2 6.9

sorbic acid 0.2 112.13 0.179 4 22.3

benzalkonium/Cl 1.0 32ew 0.0309 258 8285
+ EDTA __ ___

glutaraldehyde 6.0 100.12 0.599 64 107

benzalkonium/CI 1.0 276 0.0362 258 7072

Kathon 1.0 ?___? _ 64 ?

bromnochiorodi- 0.02 241 0.00083 NAb NA
methyl hydantoin _____

cetyltrimethylam- 0.1 455.7 0.00219 16 7306
moniumn p-toluene
suit onate ___ _____

Na/bisulfite 2.0 104 0.192 8 41.7

Memstore 1.0 ?____ NAb NA

Progard 80.0" 166 ?____ 8 ?

bromonitropropane- 1.0 200 0.050 32 640
dioll

a molecular weight =Sown is an average of component molecular weights.

b NA = no biocide activity evident at lowest test dilution (1:2).

c MIC ='minimal inhibitory concentration', i.e., the highest biocide dilution that resulted in
complete growth inhibition.

d 'Molar Activity' refers to observed biocide activity (MIC) expressed per mole of biocide.
Molar activity is computed by dividing the MIC by the molarity of the stock biocide
solution.

e Commercial product diluted to 80% strength for working stock. Concentration of active
ingredient unknown.
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5.0 SUMMARY AND CONCLUSIONS

The objectives of the six-month Phase I feasibility program were to identify existing and
novel antimicrobial agents (i.e., biocides) for preservation of reverse osmosis membrane
elements used in the ROWPU systems and to determine the feasibility for biocide
testing and performance evaluation. These objectives were met and will provide an
excellent foundation for follow-on Phase II work; the latter would be considerably more
thorough and extensive.

The program focused on Fluid Systems and Filmtec thin-film composite membranes
currently used in all the armed services ROWPU units. The candidate biocides selected
for evaluation were based on their reported disinfection activities, known or suspected
effects on reverse osmosis membrane integrity and performance, safety and
environmental properties, chemical stability and shelf life, ease of handling, commercial
availability and cost.

In total, sixteen candidate chemical biocide systems were evaluated at various exposure
levels for biocidal effectiveness and for possible adverse effects on the transport
properties of both membrane types. Several of the candidate biocide systems,
particularly the ethylenediaminetetraacetic acid based systems, met all the objectives
required for a biocide. That is, exert no effect on the transport properties of either
membrane, chemically stable for a long shelf life, commercially available in solid form at
low cost, non-toxic to humans, and environmentally acceptable. Also included among
the chemical biocides, as a standard for comparison, were several commercial biocide
systems. None of these systems met all of the objectives.

Gamma irradiation was also evaluated. In order to establish a sterilizing dose for the
membranes, it was necessary to balance the radiation tolerance of the membranes
against the dose of radiation considered necessary to establish sterility. It was
demonstrated that the membranes could be radiated as levels required for complete kill
without serious damage to the membranes. This method is particularly attractive for
sterilizing packaged spiral-wound membrane elements, soon after manufacture, for
long-term storage by the armed services. Further, it would be possible to radiate the
elements in the presence of a suitable chemical biocide such as ethylenediamine-
tetraacetic acid. Subsequently, the chemical biocide could be used alone for
sterilization, without gamma irradiation, in the field following ROWPU operations.

Based on the success of this program, it is recommended that development of a biocide
system for ROWPU membrane elements be continued on a follow-on Phase II program;
the potential for success is excellent.
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6.0 RECOMMENDATIONS

It is recommended that the Phase I feasibility study, described in this report, be
continued. Even though the this program was very brief, i.e. six months, the study
provides and excellent foundation for future development. The recommended
program should be considerably more thorough and extensive and extend the
evaluation of gamma irradiation, chemical biocides and methodologies for element
preservation.

A follow-on program would result in a biocide for the armed services that would protect
spiral-wound membrane elements from microbiological fouling and decomposition
during long-term storage. The biological agents would be environmentally safe and
effective at inactivating microorganisms associated with membrane surfaces without
compromising membrane performance.

An overall strategic for biocide testing and evaluation is illustrated in Figure 5. A list of
"potential biocides" would be compiled based upon information obtained from various
sources, including Phase I results. For example, the divalent cation-chelating agents
such as ethylenediaminetetraacetic acid (EDTA) and related chemical analogs appear
to be a very promising group of "potential biocides" for membrane storage
applications. This group, in addition to its normal chelating ability, have been found to
be immune to bacteria or molds and have shown wide uses in foods, medical and
pharmaceutical applications.

An excellent test for rapidly screening potential new biocides for antimicrobial activity
is the swatch ("growth") test which was employed during this program. While simple in
concept and execution (see Figure 6), this cost effective test did provide useful
preliminary information concerning the relative effectiveness of biocidal agents in
suppressing microbial growth of reverse osmosis biofilm bacteria. Thus, this test
would be retained in a follow-on development program.

A second biocide screening test is based on the application of a recently discovered
fluorescent redox dye that can be used to rapidly and directly (i.e., microscopically)
assess the viability of bacteria comprising an attached biofilm ( Figure 7). The dye is
referred to as CTC (cyanditolyl tetrazolium chloride) and has been employed in recent
years in studies of the electron-transport activity of Ehrlich Acsites tumor cells
(Stellmach, 1984: Stellmach and Severin, 1987). Researchers in the Biotechnology
Research Department at the Orange County Water District, Fountain Valley, CA. have
recently employed CTC for determining the metabolic (i.e., repirometric) activity of free-
living (i.e., planktonic) and surface-associated environmental bacteria. Viable bacteria
are recognized in microscopic preparations by the intracellular deposition of a
fluorescent insoluble CTC-formazan having an emission maximum at approximately
602 nm (excitation wavelength = 402 nm). Significantly, CTC was found to be useful
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for determining cellular viability in biofilms following (formaldehyde) treatment (Figure
8).

Two kinds of reverse osmosis biofilms can be utilized in the CTC screening tests (also
referred to here as the "direct microscopic method"). First, strips of previously
biofouled reverse osmosis membranes are place in different biocide dilutions for
various periods of time ("contact time"). Following exposure to the biocide, the strips
are rinsed briefly in a dilute phosphate buffer solution and transferred to a nutrient-
amended CTC solution for staining, after which red-fluorescent (i.e., actively respiring)
bacteria can be enumerated microscopically using ultra-violet optics.

In an alternative approach, glass microscope slides can be coated with ultrathin films
of polymer of which the membrane is composed, i.e., cellulose acetate or polyamide
thin-film composite membranes( see Figure 7). The polymer coated slide are placed
in a pH-buffered flow stream (recirculated) containing specific fouling bacteria (or a
microbial consortium) and a surface biofilm allowed to form. The length of time
allowed for biofilm formation ranges from several hours to several days depending on
the biofilm thickness required. The slides are then exposed to biocide dilutions for
various times, rinsed, stained with CTC to mark remaining viable bacteria and finally
examined microscopically. The DNA-binding fluorochrome 2,4, diamidino-2-
phenylindole (DAIP; Coleman, 1980; Porter and Feig, 1980) can also be used to
counterstain the CTC-treated slides so that the "total"bacterial numbers can be
quantified in the same preparations used to count viable bacteria. Using this
technique, it is possible to directly enumerate not only viable (i.e., red-fluorescing
respiring) bacteria, but also non-viable (blue-fluorescing) cells. Biocide effectiveness
can then be expressed in terms of the percentage inactivation on a biofilm population.

In addition to chemical biocides, gamma irradiation appears very promising both alone
and in combination with a chemical biocide. Gamma irradiation looks particularly
promising for long-term storage. That is, sterilization of the element in it's storage
container immediately after being manufactured. Gamma irradiation of membrane
samples, and spiral-wound elements, should be used in conjunction with free radical
scavengers to minimize membrane damage. This would allow higher radiation doses
which are more effective in killing bacteria. The premise is that the membrane
manufacturers would irradiate elements in the presence of a suitable biocide for the
long-term element storage by the military. In addition, this biocide would be used in
the field for sterilization of the elements following ROWPU operation.
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BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID sy xrms TEST # 44
ELEMENT # ?729(sAmE ELEmE(TdJr'w c v-)
MEMBRANE SHEET # 372s-22.
MEMBRANE I.D. # %-i2R-44

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: LO-_/_. 91 START TIME: 1345
PRESSURE: ADO psi FINISH TIME: [1-1
FLOW RATE: _oe gpm ELAPSED TIME: _ 1.0 hr.
TEMPERATURE: ,3_.5 C COLLECTION TIME: -min.
FEED CONDUCTIVITY: 4Q _.._umhos
FEED pH: 7.& DATA TAKEN BY: K.71

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 1eQ .20~Q x 18.3 = 2_j~pxp,-724. = .16-92 11C) 9A.
2 3 /,Z?- x 18.3 = Z.x a,24 = 4.2. 540 99.1

3 5 t ~ k 1&~.'s3 = ZL-ox oa2 = 1.0~Q fra 1909
AVG. .kJ,,. ipA..

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/_/ 91

RADIATION LEVEL: MRADS BUFFER: pH:....

TEST DATE:LQ/I1I 91 START TIME: 110
PRESSURE:___ ------ psi FINISH TIME: 19IO
FLOW RATE: Q.6'9 - pm ELAPSED TIME: , h r hr.
TEMPERATURE: 3 ' -C COLLECTION TIME: 5.o min.
FEED CONDUCTIVITY: I iaQ._umhos
FEED pH: 77,8 DATA TAKEN BY: K,"

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 AJG x 1&3 &ax Q 14..... ..7 .. ..

2 4 A~L. .L2 x 1&.3 =2_2Ax Q,-&6 1-.1. 81) %_
3 6 ILS.. jjjQ x 18&3 =2&x Qa& 19.2 IZ0QB.-

AVG. .(.. !2



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SVTEMS TEST # 45
ELEMENT # s78(sAmg gLEMeTgMw y cur)
MEMBRANE SHEET # 3720-23
MEMBRANE I.D. # A72S-45

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: JQ 91 START TIME: 1220
PRESSURE:_ psi FINISH TIME: I O
FLOW RATE: _.____. gpm ELAPSED TIME: I O hr.
TEMPERATURE: ___ -3___C COLLECTION TIME: 5Q miu.
FEED CONDUCTIVITY: t4gQQQuumhos
FEED pH: 3.& DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 xj( L13~.3 = 2a~x QZ = "5.1 42Q90 99,

2 3 52._. x 13 = U(xO01 = 9 9-.

3 5 .52. L x 18.3 = L41&ax Q.-7 14. A&Qp 1199
AVG. -1-£ . -- .-.-!-

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/J_ 91

RADIATION LEVEL: MRADS BUFFER:pH:

TEST DATE:I/I.// 91 START TIME: ir6O
PRESSURE:----__- 2_---psI FINISH TIME: I I ..
FLOW RATE: E.tIP X pm ELAPSED TIME: . h r hr.
TEMPERATURE:__L. C COLLECTION TIME: .0 min.
FEED CONDUCTIVITY:&0,QQ.__umhos
FEED pH: DATA TAKEN BY: k.T

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 5.a Jfx z 183 dLD Ws3O -722Q = JLA.. 2

2 4 1ja. JL I x 18.3 =Zija.x 0.1 1& .L9a .P.W 9

3 9L 2L x 1.3-= Zr_;Q -0. -7 J0J.1 I0 9. z
AVG...1'I,&.. .. 1.5'. .5-.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID 5Y5TEM5 TEST # 44o
ELEMENT # 372A (SAME ELEHEM, j r)
MEMBRANE SHEET # ?s72 -24
MEMBRANE I.D. # 3729-416

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: __/ 91 START TIME: fia[)2
PRESSURE: i - psi FINISH TIME: 1 50S
FLOW IATE: -O o:, gpm ELAPSED TIME: - I.O hr.

TEMPERATURE: .5,-- C COLLECTION TIME: C7, ) min.

FEED CbNDUCTIVITY: 4Q,.0.umhos
FEED pH: -7.1o DATA TAKEN BY:

CELL SAMTLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (unhos) (%)

I I 5 1.4 x 18.3 = ZQx ,7 = 1, 59

2 3 4U~ JA x 18.3 = O.ax072) = tQ~ IWO~ _9

3 5 1.& (24 x 18.3 = W22&x 0.z~ X0.7 520 99.
AVG. ..15- .AW. .32
AMMA 9 V|ATlotw

MEMBRANE TEST DATA AFTER "%-B *f"- EXPOSURE

BIOCIDE: ! . CONC.:- .. .BUFFER:-__

IMMERSION IN BIOCIDE:.J./.j 91 REMOVAL FROM BIOCIDE1-1-/=/91
TOTAL TIME IN BIOCIDE: ._DAYS

TEST DATE:L QI_ 91 START TIME: 1220
PRESSURE: - -psi FINISH TIME: 13'20
FLOW RATE: Q.tB. gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ,_'Z- C COLLECTION TIME: 5.0 -min.
FEED CONDUCTIVIT: ur0n .h os
FEED pH: - _. _ DATA TAKEN BY:J-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 .V-$ x 18..3 = Z3.x 0f = 59(0. 9.,
2 4 fWa- llx 18.3 = Z4jix QI5 = 10695 sop_ ____

3 6 7-2. IMA x 18.3 =jk3.';§ 0I 20.1 1 .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: rL..ui 5YST"FM5 TEST # L.
ELEMENT # -V72P
MEMBRANE SHEET # 3-728-2a
MEMBRANE I.D. # g72ig-51

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: 1/// 91 START TIME: _ 1020
PRESSURE: ___ psi FINISH TIME:
FLOW RATE: o. t" gpm ELAPSED TIME: _ .0 hr.
TEMPERATURE: 30. 5 C COLLECTION TIME: 5:0 min.
FEED CONDUCTIVITY: &J,._umhos
FEED pH: -7,45 DATA TAKEN BY: A. V, b L

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 vi i-14 x 18.3 =2 &(&x (), At ~ 1z0, <3 7 A, 5
2 3 Z& LIZ x 18.3 =2( .R-x QLfZ1Q I JID, Lp 166. 95;,

3~ ~ f L 5.4.. .. x 18.3 = j~d QFilO 1.1i .~2 .2

AVG. .1(0,--1. .2. .. D

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION uATE:__/__/ 91

RADIATION LEVEL: 2-.. MRADS BUFFER:- -E pH: -.

TEST DATE:JL.jL/ 91 START TIME: /22F
PRESSURE:-- ------------- psi FINISH TIME: 1 5 .
FLOW RATE: 0.7 gpum ELAPSED TIME: 1.0 hr.
TEMPERATURUE- RE. -......- C COLLECTION TIME: .m.rin.
FEED CONDUCTIVITY:(.a.._umbos
FEED pH: 11 I DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 _PL. LLL. x 18.3 Z=Zx 032 1, (....e. A.,

2 4 (&3 . 2&~ x 18.3 = 2x 0I253 11. 76 2 aa. .l2

3 6 ZL1 .44A x 18.3 =2k(&kx 0,651 (22.J) (2e2

AVG. ..e- -87. .2.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: Faito .... TEST # 5
ELEMENT # '3729
MEMBRANE SHEET # -872 -,31
MEMBRANE I.D. # .2-720-53

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: Q..Z 91 START TIME: 115 . .
PRESSURE: - psi FINISH TIME:
FLOW RATE: -______gpm ELAPSED TIME: If) hr.
TEMPERATURE: _- _ C COLLECTION TIME: . -min.
FEED CONDUCTIVITY: &Q=L.._umhos
FEED pH: 1.45 DATA TAKEN BY: AV.D.,

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 / . x 18.3 = =x QXU.5 -- p1w 92..

2 3 j.a. .I1(p_ x 18.3 = ZL2Zx Q,7G flo.2 &W 991
3 5 -7,L 1,4Z~ x 18.3 = A2Sx 02. 1 =1 %191io...

AVG.L . .4?30 .9,S.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:_/__/ 91

RADIATION LEVEL: 2.5 MRADS BUFFER: pH:-....

TEST DATE:J]/J_/ 91 START TIME: O9X-
PRESSURE:-- .-- psi FINISH TIME: 1:
FLOW RATE: 20. gpm ELAPSED TIME: .. / hr.
TEMPERATURE:__ . C COLLECTION TIME:__.:in.
FEED CONDUCTIVITY:2_._umbos
FEED pH: 7 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 1 -- x 18.3 = -x - = .- -12-

2 4 A5 JAE x 18.3 ..Z=,2. = 240

3 6 LaA7L L.0 x 18.3 dZ = 2269x0.eo 07- 5

AVG. .2 ~ . . e



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLOIDSYTE14S TEST # 54
ELEMENT # 572a
MEMBRANE SHEET # z72- 32
MEMBRANE I.D. # q72- 54

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: 1DJ2_ 91 START TIME: 14
PRESSURE: POO psi FINISH TIME: 57
FLOW RATE: 0.7gpm ELAPSED TIME: .,ohr.
TEMPERATURE: 23 -C COLLECTION TIME: (.). min.
FEED CONDUCTIVITY: &Q24Y2umhos
FEED pH: .4s DATA TAKEN BY: _ - _ _

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 T t JA x 18.3 = aL.x Q.:. = 5 99.,1

2 3 1.. 0 x 18.3 - 2x sle = 9 90.9
3 5 __ I 18.3 =Z 25.726 m3 -54 19

AVG. .--- 2. -5 .2-m

MEMBRANE TEST DATA AFfER GAMMA IRRADIATION

RADIATION DATE:_J__/J 91

RADIATION LEVEL: 2.5 MRADS BUFFER: pH:..

TEST DATE:// 9 START TIME:PRESSURE: FINISH TIME: .. 2J
FLOW RATE: TE:" jpm ELAPSED TIME: /.o hr.
TEMPERATURE:_ A. 3L.. C COLLECTION TIME: 5,0 -min.
FEED CONDUCTIVITY: t,2Q..umhos
FEED pH: 12 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 & j x 18.3=272T = 21.Zn 0 '(p

2 4 ~ L~.x 18.3 = =x' QAff 11. op 99.5

3 4 '22 x 18.3 = - __ = -

AVG.-



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: ruuto 5V5rTEmS TEST # 5
ELEMENT # S725
MEMBRANE SHEET # 3-729-3to
MEMBRANE I.D. # 3726-5 ,

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: I2l.J 91 START TIME: 1240
PRESSURE: - 80n _ -psi FINISH TIME: /3k
FLOW RATE: Ocos gpm ELAPSED TIME: . _ hr.
TEMPERATURE: 32.S C COLLECTION TIME:- 56 min.
FEED CONDUCTIVITY: (l QC.tumhos
FEED pH: -7.4 DATA TAKEN BY: o.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1,6d x 18.3 =?24Wx 0.7 22-16 840 ___

2 3 62 i x 183 = %2,fix 2 = .2...2- 7O0 98.9
3 5 .6k. J.,5 x 18.3 = Z7La2x aaa 2QD.9 2QC2.9.

AVG. .9119 - -&5--- .Al,.Z

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: Z, I MRADS BUFFER:F -_pH:.....

TEST DATE:JIJL/ 91 START TIME: 1050
PRESSURE:-... C p .ps FINISH TIME: /10
FLOW RATE: O/n9 9pm ELAPSED TIME: 1.) hr.
TEMPERATURE: z_5 _ C COLLECTION TIME: _5,0 -min.
FEED CONDUCTIVITY:.5., umhos
FEED pH: DATA TAKEN BY: A.V.l).L,
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umnhos) (%)

1 2 jjgk~ x 18.3 =~ O.B2x a= 24P.5 190 6.

2 4 AL L. x 18.3 -"5x 2M3 9 60. .4

3 .&6 _8D_ 1-0 x 18.3 =22,2KscQQ77 .eoi I 9Y7,..

AVG. .. Ja3.L.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUItD SYSTEMS TEST # 59
ELEMENT # 3_Z__.
MEMBRANE SHEET # -72-257
MEMBRANE I.D. # w12R-'9

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: QJJ 91 START TIME: 1420
PRESSURE: Picopsi FINISH TIME: 1'520
FLOW RATE: n-7 gpm ELAPSED TIME: b.e hr.
TEMPERATURE: 32 _C COLLECTION TIME: L. -min.
FEED CONDUCTIVITY: .4Q..N.umhos
FEED pH: -7.4 DATA TAKEN BY: /'r

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 79" 1,1axL 18.3 =2tax 0 = 22.1 I 9.9
2 3 .0 .LJQ x 18.3 =~ 9 x1X ~ = 2.2 98

3 5 JL 1,W xx 13 = ?2Qzk = 22.4 9A~..28J

AVG. 2-3.2 .25.-b

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__J 91

RADIATION LEVEL: MRADS BUFFER: __pH:....

TEST DATE:Ij../ 91 START TIME: _ _0
PRESSURE: --------..... ps FINISH TIME: 14tO
FLOW RATE: 0.72 Rpm ELAPSED TIME: /. 0 hr.
TEMPERATURE:___W__ -C COLLECTION TIME: Q min.
FEED CONDUCTIVITY: .Qumhos
FEED pH: .2 DATA TAKEN BY: KT

CELL SAMPLE MLS MLSIMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .la 1L2t x 18.3 =.3J.Lx Q2 = 9. J .2
2 4 i, foZ x&.3 =. .5,, = 21P.4 1100 97.1

3 AV .x 8.'3 23= . ... t, ZJx.0. 2'-',4,9..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUtM SVsT__ qS TEST # eoO
ELEMENT # 3728
MEMBRANE SHEET # 3-728 -3
MEMBRANE I.D. # 3-728-&Q

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: &Q./J 91 START TIME: 1540
PRESSURE: -0o psi FINISH TIME: 1&4(O
FLOW RATE: e).7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 'An C COLLECTION TIME: 51) -min.
FEED CONDUCTIVITY: &Jk.._ umhos
FEED pH: "_ IS DATA TAKEN BY: k.7,
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 x .5Z,18.3 = ?? 0-. = .22.9 .. 91

2 3 8.4 Iia x 1&3 =,j,x 0,2 = 25,4 9A.5

3 5 A. .~8 x 18.3 = 2& 25. 81Q.. %1 ev

AVG. 241- 2r8.. .

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: MRADS BUFFER:_________

TEST DATE:IL/LI 91 START TIME: 1425
PRESSURE:_ ,------psi FINISH TIME: V525
FLOW RATE: 0.0 9pm ELAPSED TIME: [II hr.
TEMPERATURE: 7 __C COLLECTION TIME:. a -mn.
FEED CONDUCTIVITY:.. 5$,Q umhos
FEED pH: _ __ DATA TAKEN BY: K.".

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 9,5-. 23-92 18.3 %3s1x25 9~&
2 4 8A_ x 18.3 -a- x f Z 4 1600 _..

3 AV G.. .'&3 JQ2I...

AVG. IUDL. zi~.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID YSTrEMS TEST # _4
ELEMENT # 5E37-3o
MEMBRANE SHEET # 3-7-.-4
MEMBRANE I.D. # Wo-,

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: J 91 START TIME: __ =_ _PRESSURE: 8on psi FINISH TIME: /_ ____FLOW RATE: O,__Z -_ gpm ELAPSED TIME: l0 hr.TEMPERATURE: 29.0 C COLLECTION TIME: min.
FEED CONDUCTIVITY: 5.Q .umhos
FEED pH: _ ___ DATA TAKEN BY: A.V,I.LA
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 5L L x 18.3 =2L..x o-857 = 6.6 9..984 .
2 3 LL 1. 22 x 1.3 = ZZ,.L%0. 6Z = J21 92w

3 s Le A&_2ax 183 = Z&, , = 20,1 sl 9
AVG. .-12 5. .. .a .

MEMBRANE TEST DATA AFrER GAMMA IRRADIATION

RADIATION DATE:_/__/ 91

RADIATION LEVEL:1.. MRADS BUFFER: _PH:____

TEST DATE:_&/ 91 START TIME: 1205'PRESSURE: psi FINISH TIME: _______FLOW RATE: 10-1 gpm ELAPSED TIME:- I. 0 hr.TEMPERATURE:_ Z3/5 ____C COLLECTION TIME: _'.:0 min.
FEED CONDUCTIVITY:.Sae5£n umhos
FEED pH: A.0 DATA TAKEN BY: gIC"T
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORIL CORR. (umbos) (%)

1 2 fg~ x 18.3 = Zj Mx 0,Sf Z-( 15-C .2
2 4 1 J JA# x i&= &.3g-x aa75= Z4. Z 1W 97
3 6 .(e,._ x 18.3 =Z5J2..ljx cj= 2.9 two n

AVG.23.2 J.. .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUI) SYSTEMS TEST # l"
ELEMENT # 5E B7Wo
MEMBRANE SHEET # 3710-5
MEMBRANE I.D. # Ar o-7 ,5

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: 1 91 START TIME: jaw0
PRESSURE: _psi FINISH TIME:
FLOW RATE: __7 gpmI ELAPSED TIME: i.0 hr.
TEMPERATURE: 29C C COLLECTION TIME: .0 -min.
FEED CONDUCTIVITY: fumhos
FEED pH: - 7- & DATA TAKEN BY: A.V, D. L.

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 Ij I x 18.3 =2Lx a.4 = 1 _.. 9a6

2 3 _4a 0,& x 1&3 = 6,31-10,81L 1.J2- AZ20 99

3 5 jjg J.xl1&3 = 11.2 3 x Q._L - 11. 520. 9.22

AVG. J gk.. .5SQ.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:..JJ_ 91

RADIATION LEVEL: 1.6 MRADS BUFFER: pH:.

TEST DATE:/!I_/ 91 START TIME: IO3
PRESSURE: -.-.. p_.ps FINISH TIME: flag
FLOW RATE: 42-IQ gpm ELAPSED TIME: 1.o -hr.
TEMPERATURE:- 2"7 C COLLECTION TIME: 5.0 mn.
FEED CONDUCTIVITY: .. 57Qe...umhos
FEED pH: "7,6 DATA TAKEN BY:_ Ly__ _

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 4.7 Q ix 18.3 =J.2Z. = 1.9-7 4o 99

2 4 jg._ JM x 18.3 = ftx a = 22.0 9a,_> 2.4

3 6 55V.l x 18&3 =.-|xQ,20 1. 9.6

AVG. .2~2



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID .5ysTrEm TEST # 2ol
ELEMENT # sF" 37,73
MEMBRANE SHEET # 317_30- 7
MEMBRANE I.D. # 3130 -o-o7

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: IQL_L 91.. START TIME: 1e) I a
PRESSURE: , psi FINISH TIME: 14 3
FLOW RATE: Q--70 Spm ELAPSED TIME: I. -) hr.
TEMPERATURE: 31 C COLLECTION TIME: 5. -min.
FEED CONDUCTIVITY: .5aZLumhos
FEED pH: ".& DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 k.4 JJZa x 18.3 =~ 0195 m=f

2 3 _(L_4. A. x 18.3 = Z3ax Q-79 1.7. .7.

3 S L-3-. 12k x 18.3 =2.e CI5=J& - .- a

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/J 91

RADIATIO)N LEVEL: l.& MRADS BUFFER: ___p__:_

TEST DATE:/j././ 91 START TIME: /625
PRESSURE:___ QQ-_psi FINISH TIME: 142G
FLOW RATE: ).p pm ELAPSED TIME: /.f) hr.
TEMPERATURE:__ C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY: .ja&__umhos
FEED pH: _ __ DATA TAKEN BY: _k. __

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 ya.& L.32.. x 18.3 1 9A7 ~L L~. i~.9
2 4 ~ A x 183 =&5,2 ta 235 .Z35

3 6 7. ..w: . x o .23.1:1.7-1

AVG. I29X !a 2172.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILmrffI TEST # 44
ELEMENT # A13l7Z2(2.5"ElfMhT)
MEMBRANE SHEET # 72-2- 14T
MEMBRANE I.D. # R722-44

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: ._..,2j./ 91 START TIME: 12IF

PRESSURE: A06 psi FINISH TIME: Il l.

FLOW RATE: la.od gpm ELAPSED TIME: 1-0 hr.

TEMPERATURE: ___5 _____C COLLECTION TIME: . min.

FEED CONDUCTIVITY: _oQ. umhos
FEED pH: -7. e DATA TAKEN BY:__._L.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

i l L _ x 1&3 Za55 n. 4.

2 3 146 Lx 183 ~2Q 25~I 5 A40- ..

3 5 8.2 i.&__.4 x 18.3 WQ x n 84 25.2 &20 9!2fo

AVG. --2. "5 l I

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__// 91

RADIATION LEVEL: MRADS BUFFER: ___pH:_

TEST DATE:11./.. 91 START TIME: O20

PRESSURE:_ps FINISH TIME:- 102

FLOW RATE: 0.19 gpm ELAPSED TIME: .0 hr.

TEMPERATURE:..L .C COLLECTION TIME: .E min.

FEED CONDUCTIVITY: fb. _.umhos
FEED pH: . 7, DATA TAKEN BY: ]- .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORIL (umhos) (%)

1 2 5...J x 18.3 = ZDJ5. QW =17A A Q 5k

2 4 Jk, x 18.3 = f. L4x Q.&) M 7 45D 99-3

3 6 5 .LQ. x 183 = 1,9.z I = 06 A.7 40 .222
AVG...1P , ... ... . . -., .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILKTEC- TEST # 45
ELEMENT # A1318722 (2.5" ELEMENT)
MEMBRANE SHEET # 9-122-146
MEMBRANE I.D. # 722-4s

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: _./ii 91 START TIME: 1330
PRESSURE: RM psi FINISH TIME: I4A5
FLOW RATE: Q-7T gpm ELAPSED TIME: -/, hr.
TEMPERATURE: m C COLLECTION TIME:- -min.
FEED CONDUCTIVITY: Q.,e._umhos
FEED pH: I.& DATA TAKEN BY:"A..L.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORP. (umhos) (%)

_1 8.2 x 18.3 = x = 252 /0 97.

2 3 - Jk.W x 1&3 = 3Q-x 9i Q = 2-5 440

3 . x 1&3 =3-.Q)x = 25.2 4

AVG..25-S .. 2.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__J__/ 91

RADIATION LEVEL: MRADS BUFFER: __pH:...

TEST DATE:j..i/ 91 START TIME: i5Z!5
PRESSURE: ...------------ psi FINISH TIME: 1o725
FLOW RATE: 0,&A gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:R: L C COLLECTION TIME: 5Q min.
FEED CONDUCTIVITY: Q umhos
FEED pH: _ _ __ _ DATA TAKEN BY: /.-
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 .-. L x 18.3 = ZLax Q.Lg f Q

2 4 5~.IA.x 18.3 = ?L%_z QW~ 1=.1)Z kD

3 6 54x 18.3 = ,c)._7x 10, 17.0 = .JL

AVG. ..: -7 .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: ILt'rc TEST # 4(
ELEMENT # At317a2 (2. " ELEMENT)
MEMBRANE SHEET # q-722--T
MEMBRANE I.D. # 87Z2-4(

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: aw 91 START TIME: I4fO
PRESSURE: 800 psi FINISH TIME: I loW-
FLOW RATE: 0.7 gpm ELAPSED TIME: I.5 hr.
TEMPERATURE: 35 C COLLECTION TIME: f.5 m -min.
FEED CONDUCTIVITY: &Q. .Q.umhos
FEED pH: 7/ DATA TAKEN BY: K."E
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 1& I.a,, i1.3 = 2k.Z . = 70 2S2.1

2 3 jD.5 LMQ x 18.3 = aLLj-x .LA 2(LL i (o995

3 S .2. A-On~ x 18.3 = =22x 0 = 2.ZA3 58 9-
AVG..?.. 2-§ .5.7.. . .,..0

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/ 91

RADIATION LEVEL: MRADS BUFFER: ___pH:_

TEST DATE:JQ/L. 91 START TIME: g...2.
PRESSURE:__= ----------- psi FINISH TIME: Q2
FLOW RATE: 0. & .3 Rpm ELAPSED TIME: -- 0 hr.
TEMPERATURE: _ _C COLLECTION TIME: . m -min.
FEED CONDUCTIVITY:f n.... umhos
FEED pH: 7. _ __ DATA TAKEN BY: <.T.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 4.~.. j.M x 18.3 = 1&x Q = Q",.

2 4 5a .JV .x 18.3 = L%% x O.W -00-9- .. :

3 6 _a. Q2p x1&3 = LTZ±lx = 0 15, 41o 9-



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILm TEc TEST # 5
ELEMENT # AtB31722
MEMBRANE SHEET # a-727z-20
MEMBRANE I.D. # R-127_- 5

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: .QJi] 91 START TIME: 1410
PRESSURE: - psi FINISH TIME: 1510
FLOW RATE: 0.7 gpm ELAPSED TIME: -. O hr.
TEMPERATURE: ____ C COLLECTION TIME: 5.l min.
FEED CONDUCTIVITY: 661 4 00.umhos
FEED pH: 2.4 DATA TAKEN BY: I.-T

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 NP x 18.3 = 2k.Zx 1 = 20.4 540Q. 9

2 3 7.2 1.4 x 18.3 = Z.5x Q7.5 = 20.1L .9

3 s .I7.0 -L-40 x 18.3 = Z5,hax Q._5.. = 110 74.Q. 9.AIS
AVG. -2--40- 1.1-. ... 0

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/.J_ 91

RADIATION LEVEL: 2.6 MRADS BUFFER: _pH:-.

TEST DATE:./JJ 91 START TIME: 135
PRESSUREU:___ RE A . psi FINISH TIME: I45.0
FLOW RATE: 0-10 Rpm ELAPSED TIME: I. hr.
TEMPERATURE: 7z . .C COLLECTION TIME: -f,Q min.
FEED CONDUCTIVITY:. .b .0_umhos
FEED pH: 7.ff DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 to. L,2 x 18.3 = ~iZz Q C = 20..'509a

2 4 .2d_ 2Z. x 18.3 = 1.33x QW = |2.J 1

3 ..ia., 12, x1&83= 24 5 xQ 7 1..

AVG.mo



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiMlc..- TEST # 54
ELEMENT # A1518772
MEMBRANE SHEET # 8-7Z2-21
MEMBRANE I.D. # 8-772-5

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: _1.i_ __ 91 START TIME: 1535
PRESSURE: psi FINISH TIME: U65
FLOW RATE: .(oD pm ELAPSED TIME: ,6 -hr.
TEMPERATURE: :2 C COLLECTION TIME: 5. -min.
FEED CONDUCTIVITY: algl.. .umhos
FEED pH: 7.4 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 L.5 Lj5 x 18.3 = 21A5' QZLQ0 = 280..f

2 3 '7LL JA.2 x 18.3 = Zr5cx QZ.Z(K = 1...1. 27AQQ. A
3 s 7.3 JAL x 18.3 = 29.7Zx 0.16 = 20A ___9

AVG. .9- --Q± .2 .7. .25-.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:_/_/ 91

RADIATION LEVEL: 2.15 MRADS BUFFER:_____

TEST DATE:/.j./ 91 START TIME: /51E
PRESSURE: ----- psi FINISH TIME: g658
FLOW RATE: 0.70 Spm ELAPSED TIME: I.Z hr.
TEMPERATURE: ._ __C COLLECTION TIME: 7.0 min.
FEED CONDUCTIVITY: L ._._umhos
FEED pH: ".6 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 _ L2.L 18.3 = g Mxe2aB = ..21- A eL
2 4 &L x 18.3 = Z 0" ow

3 6 .. -x183= -&3 x -14 = -- "'--

AVG. - - --.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # 55
ELEMENT # .iS921&f5
MEMBRANE SHEET # 2_ __-_

MEMBRANE I.D. # 2_t5-55

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: Lo/ II / 91 START TIME: _______
PRESSURE: - 9-5 psi FINISH TIME: - 094!-
FLOW RATE: 00_ __ ___ gpM ELAPSED TIME: - . -- hr.
TEMPERATURE: 2.- C COLLECTION TIME:_ mi.
FEED CONDUCTIVITY: &2.e=Lumhos
FEED pH: _ 7.7 DATA TAKEN BY: I.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 12. .L&x 18.3 = =&2x [2LLQ (Z3,)(~) ___

2 3 7. x 18.3 =2&&x L.t = 2. 9.1
3 5 7 ~jjZ x 18.3 = Z2,a2x 0.810 Z25. 510 99.

AVG. ...... .9..1.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: ZL_..MRADS BUFFER: ---- : pH:_

TEST DATE:L1J4/ 91 START TIME: f...
PRESSURE: ...- e ........... psi FINISH TIME: 1D .... ..-
FLOW RATE:- 7 .. __ gpm ELAPSED TIME:-- ... hr.
TEMPERATURE: Q --... .C COLLECTION TIME:_ -- min.
FEED CONDUCTVITY: 52.Q0umhos
FEED pH:-_-_ 9 ._ __ DATA TAKEN BY:-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .W x 18.3 = ?3Ajx .=2 204 62

2 4 _ LZ x 18.3 = 2ZAxQ = 2-0L1 2QI:..

3 6 1. a~v x 18.3 =- E 70 .. 0.-.-.-. .2.0

(.h -uekQ'rry Nor INCLUDED wn-KE I VeieCAE.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTErC TEST # 59
ELEMENT # AL3j2ot&5
MEMBRANE SHEET # 2i&5-S
MEMBRANE I.D. # .i&5-59

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: J..Q]J.5 91 START TIME: 1140
PRESSURE: __psi FINISH TIME: 1240
FLOW RATE: 0o&9 gpm ELAPSED TIME: I. 0 hr.
TEMPERATURE: 32 C COLLECTION TIME: -. 0 -min.
FEED CONDUCTIVITY: ,(eQ umhos
FEED pH: 7./a DATA TAKEN BY: 9.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 L x 18.3 = -2.x . = 21.1 .20. 9

2 3 7.0 JA .. x 18.3 = 2...x O = 1. 570... .24

3 S 2.D- JA. x 18.3 =25dagx 0,8W = 21.Pi 56 99.1

AVG. Ak A! .22.3

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/_/ 91

RADIATION LEVEL: 2,1 MRADS BUFFER: pH: ------

TEST DATE:1U6// 91 START TIME: 072.
PRESSURE: ------- ..... psi FINISH TIME: 1020 .
FLOW RATE: &70 gpm ELAPSED TIME: .) hr.
TEMPERATURE:__ C COLLECTION TIME: 5L,t -min.
FEED CONDUCTIVITY: .c3.QM umhos
FEED pH:_ _e_ DATA TAKEN BY: k=,-'/'

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 5Pj.j 1,D0 x 18.3 = 2Q3x Qff =f i.0. -209'9
2 .A .Q..Z18.3 = E7(ex Q&~ 9B2.L .a28..

3 6 1.08 x 18.3 = L2.7 ,, Q = ..._Z 24o .L
AVG. .] : .... . .-.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # (o
ELEMENT # AI321&6
MEMBRANE SHEET # 265-&
MEMBRANE I.D. # 2o6&-o o

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: .i / /fI 91 START TIME: /555
PRESSURE: _ - psi FINISH TIME: I/95
FLOW RATE: D. ADS gpm ELAPSED TIME: .0 -hr.
TEMPERATURE: ._ __C COLLECTION TIME: .m0 -min.
FEED CONDUCTIVITY: (aQ,.=umhos
FEED pH: 7__ ...... DATA TAKEN BY: 1.T.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 JZ..a. 1~x 18.3 = x ID = 22.7 410 993
2 3 .l IAv x 18.3 = VAL~ 3w~ 22.5

3 5 1. sx8.3 = &2."x ,850 22.1 470 ...._
AvG.Z2.6 .2.

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: 2-0 - MRADS BUFFER: PH: ------

TEST DATE:./j.2/ 91 START TIME: _ _51E_ __
PRESSURE: . ..... - ........... psi FINISH TIME: 1&15
FLOW RATE: 0.a70 gpm ELAPSED TIME: .Lo hr.
TEMPERATURE: -2R- l____C COLLECTION TIME:_%Qmin.
FEED CONDUCTIVITY:!.52= umhos
FEED pH: 79 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 J" LU. x 18.3 = Z4.Le.. Qf2 /p 460Lk. 99.2

2 4 x L3,,x18.3 = Z.&, a05 = 24b . 9..9.1

3 6 xL I. . 83 = ...x 0.6 2... .5(.. 9 .

AVG. .J.. *2L



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: Fl MTEC. TEST # L
ELEMENT # AI3921&,5
MEMBRANE SHEET # 215-7
MEMBRANE I.D. # 21425-D1

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: jj2_/ 91 START TIME: _1_82
PRESSURE: A psi FINISH TIME: 02W
FLOW RATE: 0._ __ gpm ELAPSED TIME: .. hr.
TEMPERATURE: __2_0 _C COLLECTION TIME: _ .56 min.
FEED CONDUCTIVITY: & C. umhos
FEED pH: 7.4 DATA TAKEN BY:_ .

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 7.5 1, ix18.3-=-21,z4& L -_ 2-2 5. 9

2~~~~,3 3 AJ& x 18.3 = &./eIZx 0.~=22 4Q.
3 5 2a J4,(kx 18.3 = .Mx 0Q - 23.2 4.

AVG. .... .. .. .... 2

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__I__/ 91

RADIATION LEVEL: MRADS BUFFER: H: .....

TEST DATE:L./A/ 91 START TIME: 1ios-
PRESSURE: -------- ---------- psi FINISH TIME: 12,,
FLOW RATE: 04E:Q gpro ELAPSED TIME: .) hr.
TEMPERATURE:_. . __C COLLECTION TIME: -7.0 min.
FEED CONDUCTIVITY:_.,.02aumhos
FEED pH: -____ DATA TAKEN BY:_

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 274.. L2 x 18.3 = 19,9x Qa2Q = 051). .9,
2 4 -7-5 LLL x 18.3 = 2 .3 x,2 = 1177 -7

3 6 ._ LJ x 18.3 =f .oB DAM= .0 95a
AVG. 1JL. -- ZQ



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMITEC. TEST # &4
ELEMENT # A4P92/APE
MEMBRANE SHEET # 2t&5-io
MEMBRANE I.D. # 2l o.54

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: .LW.22 91 START TIME: 12.
PRESSURE: = _psi FINISH TIME: /32=
FLOW RATE: O70 gpm ELAPSED TIME: 1 ( hr.
TEMPERATURE: .. C COLLECTION TIME: 5. min.
FEED CONDUCTIVITY: .(4_Oumhos
FEED pH: -_ 7.4 DATA TAKEN BY: IC,"r

CELL SAMPLE MLS MLS / MN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 ~~ .j~ x 18.3 = 24&hz Q. ~. ~ .24

2 3 -. L 1 x 18.3 = 25x 0.0 = 22.Z 5 99.4

3 5 Jg_ L.: x 18.3 = 2x5 = Q3& 99.4
AVG.-- . -2--.1-'1- .5.1. J

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__/ 91

RADIATION LEVEL: 1.62 MRADS BUFFER: pH: ---...

TEST DATE:.Ut//j 91 START TIME: 146 "

PRESSURE: --- - psi FINISH TIME: I '"-
FLOW RATE: 0.75' 2pm ELAPSED TIME: 10 hr.
TEMPERATURE:__ =_7 C COLLECTION TIME: 5. min.
FEED CONDUCTIIT Y:.54, .umhos
FEED pH: 0.0 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 . J & x 18.3 = ZLx 0.9( 9 = J9.& 99.4

2 4 _5.2_ ..LL&. x 18.3 = Z2. 9x Q.21 = J..9 300 9.

3 6 _(e. 1..0 x 18.3 = 2IXx 0.99 = 20.2 2

AVG...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FI-IHTE TEST # 1,6 ,
ELEMENT # A139 21&5
MEMBRANE SHEET #! 2t6-/2
MEMBRANE I.D. # 2125 -1(0

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: .Lj2/ 91 START TIME: .1!2!
PRESSURE: sX psi FINISH TIME: .
FLOW RATE: O.70 gpm ELAPSED TIME: I.0 hr.
TEMPERATURE: A5. _" C COLLECTION TIME: -min.
FEED CONDUCTIVITY: .2ane.._.umhos
FEED pH: 7.4 DATA TAKEN BY: K.-r

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 *I. ±Zx 18.3 = = . .5 .2-&- (pw 9A

2 3* k 7 .LM x 18.3 = 4= 2J.0 00 9.2
3 5* .lek, 1. x 18.3 = 4dJ., = 20.7 9.22

AVG..Z,.. . .-9....

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__/__J 91

RADIATION LEVEL: 1.(, MRADS BUFFER:_ - -pH:..

TEST DATE:JW2& 91 START TIME: 0 "
PRESSURE: - - ------ psi FINISH TIME: 14 -
FLOW RATE: O.'70 gpm ELAPSED TIME: I.o hr.
TEMPERATURE: _Z.Ceo.... C COLLECTION TIME:. min.
FEED CONDUCTIVITY: .,Q= umhos
FEED pH:.. , DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 J. x 1.I8.3 = Zt& = = 22.Q 2(&Q 99.3

2 4* I&tL x 18.3 = aa Q22Q - 20Q.1Da -90 9.
3 5" _-1_ .L4 x 18.3 =2 .x Q = .20.. 49.

AVG. --- 2.- io a. .2&-.

SComposITe OF~ Te'5T5 ZAfs-4, C> 44 Fr-9 -WAIT0 STh'DY.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiLT.= TEST # Z
ELEMENT # A A392(o5
MEMBRANE SHEET # 2gtzs-i5
MEMBRANE I.D. # 21&a-,7

CONTROL MEMBRANE TEST DATA BEFORE GAMMA IRRADIATION

TEST DATE: 1012-_ 91 START TIME: 11|0
PRESSURE: -________E= -psi FINISH TIME:
FLOW RATE: -_____9 gpm ELAPSED TIME: I.0 hr.
TEMPERATURE: -. 5 C COLLECTION TIME: f, -min.
FEED CONDUCTIVITY: ja~0.Q.umhos
FEED pH: 7.2 DATA TAKEN BY: E.-

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1* -,Q x 18.3 = Z(g& 1). 22.2 520 99.1

2 3* _4_ 1,41 x 1&3 =V,2x 0. I3 709
3 5$ AA x 18.3 =fi!.x Ma = 2 _

AVG..-

MEMBRANE TEST DATA AFTER GAMMA IRRADIATION

RADIATION DATE:__I__/ 91

RADIATION LEVEL: ILD MRADS BUFFER: ___pH:_.._

TEST DATE:iLq/ 91 START TIME: 110555
PRESSURE:__ --- psi FINISH TIME: I ......
FLOW RATE: 0.70 Rpm ELAPSED TIME: /., hr.
TEMPERATURE:.__ZZ ___ C COLLECTION TIME: .- _ min.
FEED CONDUCTIVITY:. 5&Cj2...umhos
FEED pH: 3. Q DATA TAKEN BY:

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2* x~ 11~18.3 =:Ll_!5x Q2Q .20.4 9

2 4 * L& L. 9-x 1&.3 23. ~Qc~g 2lcl... ___ 8.

3 AV.5 W.Z x1&3 0-M 1%3WO=.. . .

AVG. -.J2. 10 .2
*~omposive op~ TE-TS Zi05-54 1 7AND~



BIOCIDE STUDY
MEM,1BRANE TEST DATA

ELEMENT SUPPLIER: FLumb sysTems TEST #
ELEMENT # 372s
MEMBRANE SHEET # 372- s-IT
MEMBRANE I.D. # 37zg--t

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .2j1Zj 91 START TIME: fg94O
PRESSURE: Boo -psi FINISH TIME: I4)
FLOW RATE: O. &9 gpm ELAPSED TIME: I., - hr.
TEMPERATURE: !2- C COLLECTION TIME: "s.O _min.
FEED CONDUCTIVITY: - umDos
FEED pH: 7.7 _ 9w-_ DATA TAKEN BY:_

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 .S~2. 4ix 18.3 =.~j DU = 210.1 p.2.. 1.27

2 3 LV .2.x 18.3 =ZI.lx Q = 25. iow2Q...

3 5 ..0 .L x 18.3 = 322x Q.BZW = .21,..0 2Z7W 9212..
AVG.. ... .-10.2. .i.%.-

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
NZ-&KONIUM

BIOCIDE: _~.3RD CONC.: 0.5% BUFFER: 14CI/ .'€3- _I& PH:- a.8

IMMERSION IN BIOCIDE:..J.2 /91 REMOVAL FROM BIOCIDE:I"/2/91
TOTAL TIME IN BIOCIDE: .&2L DAYS

TEST DATE:/2J 91 START TIME: 0 E
PRESSURE: ... psi FINISH TIME: 1030
FLOW RATE: Ofa! rpm ELAPSED TIME: 1. hr.
TEMPERATURE: C COLLECTION TIME: 5. _min.
FEED CONDUCTIVITY: %Q= umhos
FEED pH: 7.S DATA TAKEN BY: A. V D, L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 - - x18.3 = x - =

2 4 L . x( x 18.3 . &5(-. = 27.5 9&.s

3 6 .. 67 I._x 18.3 2.x CL Z 85 1 97.1

AVG. 28. ...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLulD sYsri-Ais TEST # 2
ELEMENT # 3728
MEMBRANE SHEET # 537ZS-I6
MEMBRANE I.D. # 3'72S-2

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2J_2 91 START TIME: 1/35
PRESSURE: - psi FINISH TIME: IZ3S
FLOW RATE: .. gpm ELAPSED TIME: .0 hr.
TEMPERATURE: C COLLECTION TIME: .0 min.
FEED CONDUCTIVITY: 58,,C=..umhos
FEED pH: Z7 " DATA TAKEN BY: K.-.
CELL SAMPLE MLS MLS / *HN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 &A± ..LQ x 18.3 = 12..x 0-190 = 1. 30 "

2 3 &I 1.45 x 18.3 = Jk% ,9 = W.?. 370. c)9.4

3 5 J&?, iZ x 18.3 = Z2x 0.990 = 1%9. 5*30 9.12
AVG. .10... ..AJ.rl .2..d

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BENIALKONIUM

BIOCIDE:S.-Ikj RL CONC. .Q.% BUFFER: NU ,/BO it pH.l

IMMERSION IN BIOCIDE:__/JZa! 91 REMOVAL FROM BIOCIDE:Ij.Z/91
TOTAL TIME IN BIOCIDE: .DAYS

TEST DATE:aI./ 91 START TIME: 1255
PRESSURE: - w -psi FINISH TIME: 135r
FLOW RATE: 0.70 gpm ELAPSED TIME: I.0 hr.
TEMPERATURE:2T....C COLLECTION TIME:5..0 min.
FEED CONDUCTIVITY:.5fa ,_umhos
FEED pH: z. I DATA TAKEN BY:-A.V.
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (M)

1 2 A.A oAvx..,=,.i&QxQ0f 103. ... .,

2 4 A5.DM z 1.3= -Jkr~x Qa 1 5.8. -740. 9e:
3 3- z1~ z aZ .1B. 900~. aB.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIO SYSTEMS TEST # 3
ELEMENT # 3728
MEMBRANE SHEET # S7Z--2T
MEMBRANE I.D. # 372-3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _..2/_L 91 START TIME: 14-O
PRESSURE: _ _ _ _ psi FINISH TIME: I'Qo
FLOW RATE: a) (, gpm ELAPSED TIME: I. 0 hr.
TEMPER ATURE: C COLLECTION TIME: 6.. _mrain.
FEED CONDUCTIVITY: 5.00.umhos
FEED pH: 7.7 DATA TAKEN BY: K.-T

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 9.1 .L, x 18.3 = Jfa QL2. Va 21.o9Oa

2 3 .7. 1L21 x 18.3 = atfix e).7 24.8 .i0L95.

3 3 9±. .04~ % 18.3 = JU2x 0.1 = 1. sz 190&io
AVG. Z7- .2.7.. .22

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
SFtI.ALKON IUMBIOCIDE: QL_91_E_CONC.:_(,1ZBUFFER: jH .NH PDO . pH:

IMMERSION IN BIOCIDE:-2jJe/ 91 REMOVAL FROM BIOCIDE:JZ,//91
TOTAL TIME IN BIOCIDE:_kADAYS

TEST DATE:IV.j/ 91 START TIME: 0910
PRESSURE:_ sm.Q._ pSi FINISH TIME: lot
FLOW RATE: O.(2Z gpm ELAPSED TIME: 1.0 -hr.
TEMPERATURE:_ . C COLLECTION TIME: 6.0 min.
FEED CONDUCTIVITY: .. _ umhos
FEED pH: 7.1 DATA TAKEN BY: C.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 7.0 l.4 x A 13 = h = .f 24.&p 1200 97.9
2 4* Jkl U&B. x 183 = 252f =0 24. 1100 96

3 6* (P- z. 18.3 =ZS~x 0,96 24.3 940 98.

AVG. .1 . i. . .8,..

*SL.I61T G OWTH ON FAS3KIC SIDE CF SAMPLES.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # 4
ELEMENT # 372
MEMBRANE SHEET # 3'72-26

MEMBRANE I.D. # 3729-4

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .. J.2J 91 START TIME: 155 _

PRESSURE: 800 psi FINISH TIME: [Q ...
FLOW RATE: s_. ___gpm ELAPSED TIME: -,.. _hr.
TEMPERATURE: 33 C COLLECTION TIME: .O min.
FEED CONDUCTIVITY: " Q umhos
FEED p11: 7-9 - DATA TAKEN IlYt

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 1,4-5i~ x 18. 3 = t65-% aa2.. 0) 20±.9. 460 Q..
2 3 - xl3-x -= -

3 5 1Z0 .L& x 18.3 = ZfLX 22. -- lj!& 38 15.5
AVG. J12- .42o M23

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:__tjA CONC.: 2 BUFFER: NONE -pH: 5.50

IMMERSION IN BIOCIDE:._2/2e/ 91 REMOVAL FROM BIOCIDE:./3jIl
TOTAL TIME IN BIOCIDE: J(P.DAYS

TEST DATE:1Z/,. 91 START TIME: 1fl
PRESSURE: .& _ psi FINISH TIME: 400
FLOW RATE: Da ,,pm ELAPSED TIMEE :.J _hr.
TEMPERATURE:___25 _ _C COLLECTION TIME: 5.0 mn.
FEED CONDUCTIVITY:-2j 2 ., 0umhos
FEED pH:_ _ _ 7. _ DATA TAKEN BY: C.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Aja 0.2 18.3 = i&x .9i3 = 15.9 760 9

2 4 10.0 .= x 18.3 = 2L2x Q = .2.1 s !2.
3 4.1 0.82 x lm3 - IrL, D9 - 14.| (P20 9

AVG. k,-'... 65 .. 8.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYS"'MM5 TEST #
ELEMENT # 37Z
MEMBRANE SHEET # 3721-2-IT
MEMBRANE I.D. # 372S-5

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .._/1/j 91 START TIME: 1345
PRESSURE: psi FINISH TIME: /4-4
FLOW RATE: .Coin gpm ELAPSED TIME: .0 -hr.
TEMPERATURE: 162.5 C COLLECTION TIME: i.rn.
FEED CONDUCTIVITY: Sanoo umhos
FEED pH: 7.'7 -DATA TAKEN BY:

CELL SAMPLE MLS MLS I WiN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 .. 2 I±.E x 18.3 = 2__& Q = 21.7 .5.0 99.0

2 3 .17 1.94 x 18.3 b .-IS1 = 2&.7 70 9s.

3 5 -2-.l _L.9Ox 18.3 =.3±lLx =.7151 = ip-. 98.4

AVG. ---- - --e- -

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: .MAB -CONC.: 20Y BUFFER : N E - pH:.. 5,,B

IMMERSION IN BIOCIDE:_2 j_/ 91 REMOVAL FROM BIOCIDE:L&I,..91
TOTAL TIME IN BIOCIDE:.k&DAYS

TEST DATE:L/-/ 91 START TIME: 55l)
PRESSURE:- ' __ psi FINISH TIME: 11050
FLOW RATE: E :_pm ELAPSED TIME: too hr.
TEMPERATURE: .... C COLLECTION TIME: . min.
FEED CONDUCTIVITY:..(,Zo..umbos
FEED pH: 7.5 DATA TAKEN BY: e..E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 _xi i5tt,18.3= - ,Q2_- 2&.9 Weo 9.

2 4 x 1&3D-O..87..=Q274 lob. B.18.
3 6 R. ij x is..i 49MQIx 0,943 28L. _r" 9&

AVG. .Q.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SY5-FMs TEST # _ ,
ELEMENT # , 1T2S
MEMBRANE SHEET # 9728-2-18
MEMBRANE I.D. # _ 372S-&

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ._j/J./ 91 START TIME: _1n

PRESSURE: _ _ _ _ psi FINISH TIME: 11.,]
FLOW RATE: n, la gpm ELAPSED TIME: 1. 0 hr.
TEMPERATURE: . _ _C COLLECTION TIME: . .min.
FEED CONDUCTIVITY: m,,. umhos
FEED pH: 7.7 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 0 x 18.3 = ZQ= 0122.4 7_ 92.

2 3 9.2 I- 83=17 . = .j F110 9

3 5 9..2Q .L x 18.3 =31298.,7- = 24.3 sZQ 9iN

AVG. -P.--.'s- .ko.). -.9-&-.7

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
6LJ.STITUTED

BIOCIDE:.IjAli_. -J _CONC.: _..Q ___BUFFER: lg __ pH:-__.-._

IMMERSION IN BIOCIDE:2..9-I 91 REMOVAL FROM BIOCIDE:1Z/4/91
TOTAL TIME IN BIOCIDE: /9DAYS

TEST DATE:/-I/ 91 START TIME: 1050
PRESSURE: -_--- - -psi FINISH TIME: 1150
FLOW RATE:. xi gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:- 2Q. __C COLLECTION TIME: .O min.
FEED CONDUCTIVITY:.5~wumhos
FEED pH: .9 DATA TAKEN BY:- C.E.M.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CfORR. CORR. (umhos) (%)

1 2 8LLQ 1400 z 18.3 =2=x QWi Rw %.10

2 4 -.7 1,6 xL 18.3 4'9&15x Q.2(e 2.. 1*do 97-
3 6 -.. 1& 18.3 ffi06x . f 2&-.1 1j97

AVG. M -J-. --w .97--



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIp .5Y.r-,.5 TEST # 7
ELEMENT # 312J
MEMBRANE SHEET # s72g- 2-IT
MEMBRANE I.D. # 372A - 7

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9// 91 START TIME: /*319
PRESSURE: goo ps FINISH TIME: [[ I
FLOW RATE: . (o1" gpm ELAPSED TIME: /1, hr.
TEMPERATURE: 32.0 C COLLECTION TIME: 50 -min.
FEED CONDUCTIVITY: ee.l umhos
FEED pH: a. DATA TAKEN BY: A.VL,

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 i1 .. o,2 x 18.3 = Lix 0,1 = 10 LO..1 540

2 3 LL x 18.3 =.Lx ,74 = 15.9 610 9

3 s !.4 x , 18.3 = Z'7.OX0 70 = 20.17 2L- 9

AVG. -&; -7Q - .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
SUe6TITUTED

BIOCIDE: i~ IA1QJj.INoCONC.:_.13.-_BUFFER: J.OpH: 7-1

IMMERSION IN BIOCIDE:.-../2 /91 REMOVAL FROM BIOCIDE:&/_I/91
TOTAL TIME IN BIOCIDE:oi DAYS

TEST DATE:Lz/I/ 91 START TIME: 12
PRESSURE: -------... 8__ psi FINISH TIME: EA00
FLOW RATE:_. Qdo gpm ELAPSED TIME: .0hr.
TEMPERATURE: -- 2..5 C COLLECTION TIME: f. min.
FEED CONDUCTIVITY: . w umhos
FEED pH: 7. DATA TAKEN BY: CE.,.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 !5.1 . x 18.3 = v .o .... ..6 ... 9.-.

2 4 ..5.-Z LA x 18.3 = g~k Q3,9_0 -1i9. 9w~2 ...B
3 6 4.1 D,9-10 18.3 =fldz 0,4-5 U= - _5 _

AVG.J&.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID sYSTrs TEST # B
ELEMENT # 372a
MEMBRANE SHEET # _"/2g-2-2g
MEMBRANE I.D. # 32S-8

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2/...9/ 91 START TIME: 1/45__
PRESSURE: Ann_ _ psi FINISH TIME: 1745
FLOW RATE: o$, 8pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 32.5 C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY: ..k_0_pQ.Q umhos
FEED pH: Q. I DATA TAKEN BY: A.V.2L.

CELL SAMPLE MLS MLS / NUN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I I Ji_ .LZ. x 18.3 =2..4Zx a'AQ = IS-? S

2 3 -. 5j J_-4 x 18.3 = &._71x &-7WQ = 20-S 55D 99.L

3 5 _21- .,.. x 18.3 = 2kx0,180 = 11 98.4

AVG. ..24.. .21.7.. 2%.7.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: lssQTiUAEkW CONC.:J2 121 __BUFFER:j .!JCQ3.L._pH:7.Z _

IMMERSION IN BIOCIDE:../JZ/ 91 REMOVAL FROM BIOCIDE:l/2/1./91
TOTAL TIME IN BIOCIDE:...DAYS

TEST DATE:]/I/ 91 START TIME: 1440
PRESSURE: --- , _psl FINISH TIME: 1540
FLOW RATE: O.&RA ,pm ELAPSED TIME: .hr.
TEMPERATUR E:.2..C COLLECTION TIME: 5.m -min.
FEED CONDUCTIVITY:.5(a...OWumhos
FEED pH: 7.8 DATA TAKEN BY: Q..E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .. . x 18.3= z"" - _.._ 2100 --_-"

2 4 .Ap_ NZ x 18.3 =.Q5 k - ... A90 9."
3 6 5. 10 x 18.3 = Ljox O.962 - - 7V_ .28.

AVG..J..... . .

I~~~ ~~ INIL]II II



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # /0

ELEMENT # 37Z9
MEMBRANE SHEET # 372s-3-is
MEMBRANE I.D. # 372A- 1o

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ...2.j!./ 91 START TIME: 144o
PRESSURE: , - psi FINISH TIME: I540
FLOW RATE: , Ojeq gpm ELAPSED TIME: i.0 hr.
TEMPERATURE: . C COLLECTION TIME: 4o.0 min.
FEED CONDUCTIVITY: kQQQQ umhos ,..
FEED pH: 7.7 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 xA. - 18.3 = - 01Q~

2 3 1._1 .2 Lx 18.3 = 24.7/x = 1 470 99,2

3 5 la-2.1. .3~ x 18.3 = 2?40x 0.7S 20.7 ..52n 99.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: _ C2!L CONC..O3I BUFFER: .ija.HCO" pH:_.g.5

IMMERSION IN BIOCIDE:_SJ./ I REMOVAL FROM BIOCIDEj2J/91
TOTAL TIME IN BIOCIDE: "70 DAYS

TEST DATE:J.,./ 91 START TIME: OIQ
PRESSURE: Q -_psi FINISH TIME: 0916
FLOW RATE: 0.72 gpm ELAPSED TIME: 1. hr.
TEMPERATURE: ?-I, _ C COLLECTION TIME: &,0 -min.
FEED CONDUCTIVITY:. .umhos
FEED pH:- 7 .R DATA TAKEN BY: 0_.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 A .1 J.U 1 8.3 .3 3.6 = 2597.

2 4 2AL4- JaB x 18.3 -2-L0-x LQ. 27,/A 150 97-SLa

3 6 1_ x I1 .3= . __, __-"- = -- _

AVG.. . .--25.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIZ2 5YS']E-5 TEST # JL
ELEMENT # 3726
MEMBRANE SHEET # 5729-.3-2T
MEMBRANE I.D. # 372A-tl

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _92_ii _/ 91 START TIME: 1555
PRESSURE: "9680 psi FINISH TIME: 1&55 _

FLOW RATE: 0. 1o gpm ELAPSED TIME: /. a hr.
TEMPERATURE: a3 C COLLECTION TIME: la.nf min.
FEED CONDICTIVITY: 6zQk: .umhos
FEED pH: 17.7 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 .7 1.45 x 18.3 =2j~au'3x 0,13B 10.J&. 53 99.L

2 3 0.L x 18.3 =&h&ex 03AS = 2Si. ..77. 907

3 5 .LL LLx 18.3 =.V,.2x 0,3 = 23.9 75 9-
AVG..Z- &M. - .a.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: BC..4 . CONC.:iIM . _BUFFER: |! t I -CQ _pH:(.

IMMERSION IN BIOCIDE:_../L2 91 REMOVAL FROM BIOCIDE:LVI_.91
TOTAL TIME IN BIOCIDE:"72Q DAYS

TEST DATE:IZ.5/ 91 START TIME: J___?9
PRESSURE: .. _-psi FINISH TIME: | | 3

FLOW RATE: ).7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:._ _f___ C COLLECTION TIME: 5.0 rmin.
FEED CONDUCTIVITY:-5(6,L....umhos
FEED pH: 7,1 DATA TAKEN BY: _..E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 7.7 JIA x 18.3 =4aax & = 21., I&W . t
2 4 -L~ .50 x 18.3 =ZfA& &M~ U. 19D o.(

3 6 .6 .U x 18.3 = .a96 7 = i .

AVG. 27- . -i.te ... 71..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLuD S5YS'TEHS TEST # /2
ELEMENT # 3_ 2_
MEMBRANE SHEET # 372a-.3-21
MEMBRANE I.D. # 72S-t2

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _.2iL7_ 91 START TIME: os35
PRESSURE: _ _ _ _ psi FINISH TIME: 02__NE
FLOW RATE: O., &9 gpin ELAPSED TIME: 1,0 hr.
TEMPERATURE: 32 C COLLECTION TIME: fa. D mn.
FEED CONDUCTIVITY: &q. .umhos
FEED pH: 7,AS DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 DL .b5 x 18.3 = &I5.-x Q76 11= B502. 99.

2 3 8.2 1-7x 18.3 = ZQ:x .2 19.2 SM9,

3 s 9.L .53 x 18.3 =2_0x Q,16 = 1049 1
AVG. .1J.?. .. ?... i.Zl

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: 9 C OM il CONC.: I ama /L BUFFER: &A /jjfjj pH: I__

IMMERSION IN BIOCIDE:.JiL/ 91 REMOVAL FROM BIOCIDE:L, /,.91
TOTAL TIME IN BIOCIDE:.-'O-DAYS

TEST DATEI, 91 START TIME: J4.O
PRESSURE: fgO psi FINISH TIME: /JgX0
FLOW RATE:_0 ,7f gpm ELAPSED TIME: /10 hr.
TEMPERATURE:---.21-a C COLLECTION TIME: :. rin.
FEED CONDUCTIVITY:- , 0O0 umhos
FEED pH: '.2 DATA TAKEN BY: Q.O.M
CELL SAMPLE MLS MLISMIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 z .4 QM2 x 18.3 1...-Mx 069 = .g .. o

2 4 _.. x1&3=2L.IxgLLt 20. f .. .L..

3 6 .L I & 183 /Itx Q~.92 = Jki. 91



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLoWD 5YSTFMS TEST # - 13
ELEMENT # 5725
MEMBRANE SHEET # 72s-4-Ir
MEMBRANE I.D. # 37Z7- 1

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: .... /..1 91 START TIME: . /0
PRESSURE: Ann psi FINISH TIME: // /4
FLOW RATE: O. co gpm ELAPSED TIME: 1. O hr.
TEMPERATURE: A _ _ _ C COLLECTION TIME: /e.t) min.
FEED CONDUCTIVITY: ._kQ n oncumhos
FEED pH: 7.s DATA TAKEN BY: KT_

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 "7.2 .L-a x 18.3 = ZL .59x Q = 16.9 120

2 3 JL Z 1 3 x 18.3 = 2. _7x o,,3 = 10.6 -00 W.2A.

3 5 9. 1-40 x 18.3 = =ZLQx 0,731 = 20.0 AW 99,

AVG. .. 1. Alb. .5-0.2-2.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
8ROMIKO-BIOCIDE:VBW R .. J..CONC.: 0.1 /Y_ BUFFER-.JL .,,-03pH:_ j,

IMMERSION IN BIOCIDE:_..j2/ 91 REMOVAL FROM BIOCIDE:Lg./91
TOTAL TIME IN BIOCIDE:Jg_9DAYS

TEST DATE:IZ.5/ 91 START TIME: 155o
PRESSURE: -___.___psi FINISH TIME:
FLOW RATE: O.7R gpm ELAPSED TIME: . hr.
TEMPERATURE:- 22.0 C COLLECTION TIME: 5.0 -min.
FEED CONDUCTIVITY: 46....umnhos
FEED pH: 7. 6 DATA TAKEN BY: C.E.M•

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 -5, 4 1 & = IjZtx A.W - goo 90.

2 , 42 &. IL J a.. 0%2 142 w919-.B

AVG..I. ... aa.. .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID 6YSrEMPS TEST # /
ELEMENT # 3-728
MEMBRANE SHEET # 372A-4-2-r
MEMBRANE I.D. # a2a-js

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: -9-j-17-/ 91 START TIME: 15
PRESSURE: - psi FINISH TIME:
FLOW RATE: 0.19 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: _ _ _C COLLECTION TIME;6. . -mn.
FEED CONDUCTIVITY: 649=.umhos
FEED pH: 7.7 DATA TAKEN BY: ]_.".

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 &.11 LO x 18.3 = 2Q.ax Q1S = K. 120 99.0

2 3 B_2_ ,.4x 18.3 = Zl.Q2 = 2O.. 495 99.2

3 5 .A&4 .14a x 18.3 = 1 =..700J~

AVG. 1-15. .5... _2..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BROMO wnrr-.BICIE:RO~bEpplCONC.:-Olt% BUFFER: H/~~~;p:j,

IMMERSION IN BIOCIDE:_.JZ/ 91 REMOVAL FROM BIOCIDE:IZ/./91
TOTAL TIME IN BIOCIDE:..2.DAYS

TEST DATEg k/ 91 START TIME: D02Z
PRESSURE: -- -psi FINISH TIME: 1Q2.0
FLOW RATE: O.2 gpm ELAPSED TIME: I. hr.
TEMPERATURE:_ 25 C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY:_. % 4._umhos
FEED pH: 7.5 DATA TAKEN BY: .'.M.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1Z 2 4, D x 18.3 = I.ULx J.M =SA AM&2 qa.. .8k
2 4 _42_. QM2 x 18.3 = Iax IQ= 17. Am-. .&da
3 6 .7 Q 1 24X 18.3 MIZx L.= I7-20. 900.. .4



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FtAJip yS-"EmS TEST # J .
ELEMENT # 3_2a
MEMBRANE SHEET # 1e- 5- IT
MEMBRANE I.D. # 3720-17

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .1./ 91 START TIME: 40 00
PRESSURE: B O psi FINISH TIME: Q 90
FLOW RATE: 0409 gpm ELAPSED TIME: /, o hr.
TEMPERATURE: 32 C COLLECTION TIME: .in min.
FEED CONDUCTIVITY: &Q 9.__umhos
FEED pH: 7. " DATA TAKEN BY:

CELL SAMPLE MLS MLS / XM AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

*1 1 £..L 1I8.3=Z~k.x D.17&5 = 22.7 *790 .282.

*2 3 .2-2-L M x 83-a~ .7. = 25,-l ICm 2s.
3 5 _Eu2_ I.-IS. x 18.3 = a._51x n-7 = 242.... ...RQ 9.29.5

AVG..2Z,.4 ... .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BROMON I"RO-

BIOCIDE:F FW_.AW ..CONC.: IX....BUFFER: .Ht/I. QpH:_

IMMERSION IN BIOCIDE:.. /2Z/ 91 REMOVAL FROM BIOCIDE:i../91
TOTAL TIME IN BIOCIDE:....ZQDAYS

TEST DATE:a//. 91 START TIME: 1255
PRESSURE: Q -psI FINISH TIME: &
FLOW RATE: 0.7 2 . .pm ELAPSED TIME: L. hr.
TEMPERATURE: COLLECTION TIME: • min.
FEED CONDUCTIVITY:_.._umhos
FEED pH:_ 7 ____ DATA TAKEN BY: -. .M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 k jIi x 18.3 ;Z4_.x Q.L 23.7 7D 97.0

2 4 5. .LLS. x 18.3 m2j!-ix 93M 2.2 1. 97.9
3 6 D. ,3 i~x 83 29z ,9 24.8 121Q .9

AVG. .. 37 .9..
I Nt)1" IN POROUS 55 PLATE (MAY AFFECT EVLTs).



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID s-vYs7rS TEST # /8
ELEMENT # 37A
MEMBRANE SHEET # 3"72;-!5-16
MEMBRANE I.D. # a72e-/,

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _._J& 91 START TIME: _ _ __ _

PRESSURE: _psi FINISH TIME: j 040
FLOW RATE: O.(09 gpm ELAPSED TIME: ,o hr.
TEMPERATURE: 32. C COLLECTION TIME: /10 n0 min.
FEED CONDUCTIVITY: 2 Q0,. p ._umhos
FEED pH: - _3 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umlos) (%)

1 1 yaj JJ.Q x 18.3 = Z.Qax 0,75 = 15.L 520 99.

2 3 9.1 _.52 x 18.3 = 2I.BZx 0.215 = 20.9 xry) 99.2

3 5 -LE -Lla x 18.3 = 93072x 0.752 = 11.9 970 98.4
AVG. .15,1. ..Q . .212.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
tA*YTRIW14MIAONWK

BIOCIDE:eS2tt EEUEGfSIMCONC.: O. ,Q5 °/ BUFFER: pa:-

IMMERSION IN BIOCIDE:..-.2Z/ 91 REMOVAL FROM BIOCIDE:,/2i,91
TOTAL TIME IN BIOCIDE:__7(DAYS

TEST DATE:L././ 91 START TIME: 1020
PRESSURE:_ _.psi FINISH TIME: I/2,=
FLOW RATE: , pm ELAPSED TIME: 19Q hr.
TEMPERATURE: .&5, C COLLECTION TIME: f l4. min.
FEED CONDUCTIVITY: -,Q= umhos
FEED pH: A.7 DATA TAKEN BY: AV.yb.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2* ' VL LMQ x 18.3 = ffl~ex M 18.L =200 97IZ8

2 4 15. 17. x 18.3 = ZLj.x a = 2156 2 9.9L

3 6 1VO.._2 .. x.18.3 al 24.1 .. .4

AVG..384723



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMs TEST # 20
ELEMENT # 372R
MEMBRANE SHEET # 212R-S-26
MEMBRANE I.D. # 372S -20

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .2LJo 91 START TIME: /230
PRESSURE: -_-_ _ _ psi FINISH TIME: /3!3
FLOW RATE: o. tog gpm ELAPSED TIME: L Q hr.
TEMPERATURE: 23 C COLLECTION TIME: -.&. min.
FEED CONDUCTIVITY: Q.Q umhos
FEED pH: 7.7 DATA TAKEN BY: _.'

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 I L3. LL. x 18.3 = 2.A~x 0.738 = 1-7.0 _351 99,

2 3 .Q 1 x 18.3 = 29.S 038 = 7.. Aeo 99.2

3 5 IL0 JdaP. x 18.3 = Z22,ax D.'738 = .50
AVG..-20- A.... ... 0. .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
eUWt.Tljt tA ft t0WUt

BIOCIDE:E-oVW0Ze utNM_'ONC.:_ O, 1 BUFFER: PH: 91

IMMERSION IN BIOCIDE:.9_.1/ 91 REMOVAL FROM BIOCIDE:j9,2j91
TOTAL TIME IN BIOCIDE:Z&, -DAYS

TEST DATE:I/_. 91 START TIME: 1430
PRESSURE:, -.. psi FINISH TIME: 1=
FLOW RATE: 0.71 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:__l .Q.. C COLLECTION TIME: 5., -min.
FEED CONDUCTIVITY:d U51u mhos
FEED pH: 8.7 DATA TAKEN BY: A.V..L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .5Q .L x 18.3 = 18&x MWr~ ./oI 1&0 98.P

2 4 . I&_ x 18.3 -2123x W = 20.4 9.2zQ 9A

3 6 "x18.3= x -- - 2200 ----

AVG.. ... . .q .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SY'IEMS TEST # -2L
ELEMENT # 3728
MEMBRANE SHEET # 3728-(o-17
MEMBRANE I.D. # 372A-21

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ._2jJ/ 91 START TIME: 145
PRESSURE:___ psi FINISH TIME: ____5,__&T_

FLOW RATE: ?tQ-/ _o 7gpm ELAPSED TIME: I. () hr.
TEMPERATURE: C COLLECTION TIME: I.n-n -min.
FEED CONDUCTIVITY: .4. .umos
FEED pH: 7 7 DATA TAKEN BY: __._

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I Q x 18.3 .Ax= Q.. Q = 1. 10 9, e

2 3 x I x 1s.3 = 2 J.17 ,-xQ A 19.3 .. 5:i "-I

3 5 &2- 1L±5 x 18.3 27-L09x 0,739& 7-. '"', 98

AVG..J.. -.2.1 ....

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCI.DE:Y=t6IV.HUTH.QAMON .:BUFFER:%U.a._PH:8

IMMERSION IN BIOCIDE:..2J2 91 REMOVAL FROM BIOCIDE:Zj./91
TOTAL TIME IN BIOCIDE:J7.." DAYS

TEST DATE:Z/iJ/ 91 START TIME:
PRESSURE: ____ psi FINISH TIME:- I0-35
FLOW RATE: ESpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ,. -C COLLECTION TIME: .. min.
FEED CONDUCTIVITY:. E ._umhos
FEED pH: z & DATA TAKEN BY: C..E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Ina, .18.3 - .x M - 2.3

2 4 3-4-1,M j . 3 -a Q 0.4r~ toj4 9A 2a
3 6 A& 1&3k x 18.3 a 2&x 0-8 2.4 1156J97Q9

AVG. 22.0Q



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # 22
ELEMENT # 372
MEMBRANE SHEET # 3728- .- ia
MEMBRANE I.D. # 2A12R-22

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: .. 2_../ 91 START TIME: 1515
PRESSURE: noO psi FINISH TIME: 1 o4L
FLOW RATE: a_ _7 gpm ELAPSED TIME: 1.o hr.
TEMPERATURE: q% C COLLECTION TIME: 5 : min.
FEED CONDUCTIVITY: .&bQO.umhos
FEED pH: 75 DATA TAKEN BY: k_.77

CELL SAMPLE MLS MILS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 9.4 L x 18.3 =M _2 = ---. 0 =--

2 3 2&_. ..&2 x 18.3 = 3?.2x 0,730 = 24,; ~ 98.1

3 5 .2.. 2A.. x 18.3 = 3§,% 0.Z 9- .22 &D 2a
AVG. .25a- --SM-.- .2& .7.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
sovlotA

BIOCIDE:._ ZWOWATE CONC. :0 f J4_...BUFFER: HLL&..pH:

IMMERSION IN BIOCIDE:..2JZ7 91 REMOVAL FROM BIOCIDE:L///./91
TOTAL TIME IN BIOCIDE: .7Z"DAYS

TEST DATE:I j/_. 91 START TIME: 1230
PRESSURE: __psi FINISH TIME: I5O
FLOW RATE: 0.,A pm ELAPSED TIME: E -hr.
TEMPERATURE:_ :2~.._ C COLLECTION TIME: m. min.
FEED CONDUCTIVITY:.5 umhos
FEED pH: 7.7 DATA TAKEN BY: C_...

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 8.2 j1 &4 18.3 -. QLz 2,WZ 125 97.7.

2 4 22.I.. i x 18.3= 2-.Lx = .Z 1Z..."

3 6 .&L L.z 1 8.3 -. ZAx Q =2&. 6 %2
AVG. --- &'.- . --.J--.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID 5Y5TEMS TEST # 24
ELEMENT # 372 ,,a
MEMBRANE SHEET # 72P,-1,-2S
MEMBRANE I.D. # a-2tf-24

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .. _. 91 START TIME: _Q94
PRESSURE: ROO psi FINISH TIME: /04s
FLOW RATE: - Q gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: --32 C COLLECTION TIME: -.. m min.
FEED CONDUCTIVITY: -41;n._umhos
FEED pH: . Z5 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 8.2 JAP x 18.3 =.,jQjx 0,16 2.9 _98.

2 3 .E - x 18.3 = x - = - 1Z -

3 s 9.2 2L x 18.3 =2akix Q-&S = 25.
AVG.. .3 ..2-. ..2 .,.f

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:... .. CONC.: .L & BUFFER: 1!C ,611103 pH:&. E,35

IMMERSION IN BIOCIDE:_.2..J25 91 REMOVAL FROM BIOCIDE:12ILW/91
TOTAL TIME IN BIOCIDE:_.5-DAYS

TEST DATE:LZf/j 91 START TIME: 060-5
PRESSURE: __w _ -psi FINISH TIME: o70o
FLOW RATE: .&2 ,pm ELAPSED TIME: 1.0 hr.
TEMPERATURE:% C COLLECTION TIME: . n min.
FEED CONDUCTIVITY: . .__.umhos
FEED pH: E.R3 DATA TAKEN BY: A.V.y.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 7.4 1,A& x 18.3-w .x 1.04 2 2 1400 9

2 4 -72- ,.44 x s18.3 Zk Z .04 = 27.4 %o 98.3

3 22. -7a- Mv x 18.3 =Zk,. x .0.. 7.. 1400 975
AVG. .11. A0. L



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SV5TEH TEST # 2
ELEMENT # 372
MEMBRANE SHEET # S729-7-/6
MEMBRANE I.D. # __72__-2 __

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ..J_/9/ 91 START TIME: 1220
PRESSURE: Apsi FINISH TIME: 1520
FLOW KATE: , gpm ELAPSED TIME: 1.o hr.
TEMPERATURE: 32.5 C COLLECTION TIME: !5.n -min.
FEED CONDUCTIVITY: .k4Qn..mhos
FEED pH: 7,! DATA TAKEN BY:

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1P 1Z ..24 x 18.3 = 2.02k 0,752 = _i.L 98

2 3 Zx 18.3 =2__. S- 2 = 0 .21-7 (Q .9

3 5 -- -"-"x - - -18.3 =-"

AVG. .1241 .2.7.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

DIUM
BIOCIDE:_B&Z. = CONC.: OQl% BUFFER P.. q

IMMERSION IN BIOCIDE:__ !./ 91 REMOVAL FROM BIOCIDE:_/,3/91
TOTAL TIME IN BIOCIDE: .27. DAYS

TEST DATE:jL/L'/ 91 START TIME: 1035
PRESSURE: A.___psi FINISH TIME: ll . .
FLOW RATE: O.32 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:A_ 2L5 . C COLLECTION TIME: S.6 -min.
FEED CONDUCTIVITY:%, CQ..umhos
FEED pH: 9.5 DATA TAKEN BY: A..D.,L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 1 I x 18.3 = =x &l = 23.0 9 98.3

2 4 £..x 18.3 = 12. '&= 19.0 q

3 6 .2. LXv x 18.3 = .2.,x Z.1. ISO ,.7

AVG. AQ& &E~



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLuID _Y5TE(6 TEST # 2
ELEMENT # 3729
MEMBRANE SHEET # 3728- g-1-r
MEMBRANE I.D. # 3722-29

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _2j_20/ 91 START TIME: osg
PRESSURE: ps FINISH TIME: - 9:5"
FLOW R ATE: _ ._ _ gpm ELAPSED TIME: I, / hr.
TEMPERATURE: 52 C COLLECTION TIME: 6.0 -min.
FEED CONDUCTIVITY: 4ZQ6QC umhos
FEED pH: 75 DATA TAKEN BY: '--

CELL SAMPLE MLS MLS I MlIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 7L3 Iex18.3=20aZ 765~2 = :20.4 aIo 9.

2 3 U&_ x 18.3 = Qx JZS = Q,~ 970Q.

3 5 a L x 18.3 ==x = 2a.4 _

AVG. .z2. ..a.. .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:_ 9M CONC.: O. -: - 5-15

IMMERSION IN BIOCIDE:_1_29 91 REMOVAL FROM BIOCIDE:I./L/91
TOTAL TIME IN BIOCIDE:.7_..JDAYS

TEST DATE:1L[ 91 START TIME: 141S
PRESSURE: - psi FINISH TIME: il
FLOW RATE: O.7O gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 27.4 C COLLECTION TIME: 5.m min.
FEED CONDUCTIVITY: o5SVO)umhos
FEED pH: a. DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 .a JLAe x 18.3 = Zx .4.1 = 24.0 97.1

2 4 .(#Z .. , x 18.3 22h5,Q 27.4 14w 97.

3 6 . ( 2 x 18.3 =.x 02 = 27.1 1400 97.5

AVG..Apui. .i2 .21.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUib SyVS'rAs TEST # 30
ELEMENT # ?72A
MEMBRANE SHEET # 3',zg- --
MEMBRANE I.D. # . - o

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9_2/i 91 START TIME: 09So
PRESSURE: psi FINISH TIME: /0-56
FLOW R ATE: ._O.&_ A gpm ELAPSED TIME: /.2 hr.
TEMPERATURE: __- C COLLECTION TIME: 5. n min.
FEED CONDUCTIVITY: 1O=.umhos
FEED pH: -"7,5 DATA TAKEN BY: k.T7

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 &.7 1. x 18.3 = 24.!& o,-7 = I 27S 8

2 3 B.0 JL& x 18.3 = Z,.2& QfT = 22.4 k0 9.

3 5 j __ x 18.3 =2k-Sx 0, =L~ 9____ ".4

AVG. LA. .81Z.- ..t.:

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: ED[TA 'CONC.:- Q,1% _-BUFFER: 1e. Q!mauD.l -PH: 5

IMMERSION IN BIOCIDE:.. 2 91 REMOVAL FROM BIOCIDE:W &k/91
TOTAL TIME IN BIOCIDE:_7 .SDAYS

TEST DATE:Wt/ 91 START TIME: 045
PRESSURER: E : - psi FINISH TIME: 094-5
FLOW RATE: Q.O7 ipm ELAPSED TIME: 1.0 hr.
TEMPERATURE:_..4.Q _ C COLLECTION TIME: &. m -min.
FEED CONDUCTIVITY: SB,.umhos
FEED pH: , 7.R5 DATA TAKEN BY: A.V.t>.L
CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 L± JJ5. x 18.3 = 1C6 21,!2 9w =90

2' 4 L~k Z .18.3 --2f jd 24.... ..589.2.
3 6 -150-.g1. 18.3 22.1Lx .04L 22. 94 Q

AVG.



BIOCIDE STUDY
MEIBRANE TEST DATA

ELEMENT SUPPLIER: 'LUID SYSTEMS TEST # 14
ELEMENT # S72
MEMBRANE SHEET # -w728-4-J1
MEMBRANE I.D. # 3728-t4

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: hi 91 START TIME: 1210
PRESSURE: - psi FINISH TIME: l
FLOW RATE: Q.&2gpm ELAPSED TIME: In hr.
TEMPERATURE: UA3 c COLLECTION TIME: Sno amin.
FEED CONDUCTIVITY: (0 .. D Aumhos
FEED pH: 77 DATA TAKEN BY:- _ .-.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 .5 1 x 18.3 = .lx= 22.9 1 Q.0

2 3 2 .I& x 18.3 =.3..x .o.2. = 2.0 705Q 9..
3 S 9.x J.18.3 = x Qg*7 = -- 15-

AVG..3-.j.5. .JR-5. -%1 2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: ETA CONC.: .QQL%.BUFFER:qojI J.0-_pH:

IMMERSION IN BIOCIDE:.._2J.V 91 REMOVAL FROM BIOCIDE:L2/&/91
TOTAL TIME IN BIOCIDE: 7& DAYS

TEST DATE:Z/L/ 91 START TIME: 11a4
PRESSURE: , . ..... psi FINISH TIME: 124,
FLOW RATE: 0.&.Q . ypm ELAPSED TIME: /,Q hr.
TEMPER ATUREATUR:.._ C COLLECTION TIME: . min.
FEED CONDUCTIVITY:-550Dumhos
FEED pH: "7.R. DATA TAKEN BY:- A.V.I .L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 . J x 18.3 =x 1.00 2& 402(,.o 9

2 4 &2.. ij3Ax 18.3 -Z-x J2 1 -. 7...

3 6 .&,1;JA x 18.3* Zj~ .00... ..2&L. .&



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FUi. SYSTEMS TEST # 31
ELEMENT # (5AM Fuedux) "Je, u rr
MEMBRANE SHEET # A728-9
MEMBRANE I.D. # -3728--3

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: IQ~J91 START TIME: io94&_PRESSUREt psi FINISH TIME: )04
FLOW MATE: .s... gpm ELAPSED TIME: I.) hr.
TEMPERATURE: 5C COLLECTION TIME: -,min.
FEED CI3NDUCTIVITY: f44QQ.umhos
FEED pH: "7.i" DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 71. .2. 18.3 = Z~jx 0. 757 = 21.Z _(92a_ 91

2 3 .4i J&L. x 18.3 = Z2Qfx 0,152- =..-2a. ABqw .22

3 5 EL4, J.d& x 18.3 =.3PJ7x 0Q75Z0; = 610. L~. 9.2Q.
AVG..... .5 7. .22...

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
501>UH SENZORT'EBIOCIDE:F: t'f t5D .s __ CONC.: 0. . _ U F R: tW A / yO ~ H _ __ _ _

IMMERSION IN BIOCIDE:1JQ/..4 91 REMOVAL FROM BIOCIDE:IZI/&91
TOTAL TIME IN BIOCIDE:_7_ DAYS

TEST DATE:-._Z/! 91 START TIME: _ _ _ _
PRESSURE:- fis .psi FINISH TIME:- I1DI-
FLOW RATE: _a 08 pm ELAPSED TIME: I.2hr.
TEMPERATURE: _C COLLECTION TIME: Q.0 -min.
FEED CONDUCTIVITY: .5= umhos
FEED pH: 7 _ DATA TAKEN BY: K.-.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 7.4 .L2. x 183 = 2 Jx L = jaw_ Jaa
2 4 AV4. 1,49. x.18.3 9 g.64 9.
3 6 x&Q. L~ 18.3 LO .... _ 21_5i 746.8J

AVG. 10-d... .27.. 24c



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID sYsTEM5 TEST # 32
ELEMENT # -72A (5At4E fLEAETN AJugrw
MEMBRANE SHEET # 'i72A- 1i
MEMBRANE I.D. # _ 7_-_ _ _

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: j.L/ 91 START TIME: Bllq
PRESSURE, P OO psi FINISH TIME: Izla
FLOW IkATE: .Qto9 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 3 C COLLECTION TIME:. rmin.
FEED CbNDUCTIVITY: to..oQumos
FEED pH: 7.5 DATA TAKEN BY:

CELL SAMPLE MIS MIS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (urnhos) (%)

I 1 2,&. .52 x 18.3 = =~hx 0.73B = .2.5. 740 98

2 3 j~a I x 18.3 = ZAM2x 0Q7fl& = ...LA 5..-3Q 9.1.

3 5 s .. .~ x 18.3 =,IO.x QITM -= 22-.- 85 At

AVG. -.. QZ. ..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
5-mtui eEN1ZoATe

BIOCIDE:JEgTA (50 . CONC.:- a. 0BUFFER:jV.! '.IA .A. pH:-

IMMERSION IN BIOCIDE:./.J_/ 91 REMOVAL FROM BIOCIDE:q_/g7/91
TOTAL TIME IN BIOCIDE: 7."ff DAYS

TEST DATE:.// 91 START TIME: _ ) _
PRESSURE:o--ps FINISH TIME: 116
FLOW RATE: 0.71 rpm ELAPSED TIME: 1. hr.
TEMPERATURE: 2.O - C COLLECTION TIME: 7,0 mn.
FEED CONDUCTIVITY:. ,Q.umhos
FEED pH:--. f" DATA TAKEN BY: i.t

CELL SAMPLE MLS MLS,.UIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Ak...I x 18.3 2jx 22.1 84 -92L .. 5
2 4 .. 2L x 1 1.3- = % 24.,0 9 9&.

3 6 j A2 x 18.3 ..? x .0,&.7_ 91...

AVG. 21J.L Jj.. MA



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYsrEmS TEST # 33

ELEMENT # 2 -l2, (5Agagm4Em& ?TrrE tre-r
MEMBRANE SHEET # 3T21-ti
MEMBRANE I.D. # 372e-:5

CONTROL MEMBRANE TEST DATA BEFQRE BTOCIDE EXPOSURE

TEST DATE: l0/ I 91 START TIME: 1240
PRESSURE:s usi FINISH TIME: /.341

FLOW R9ATE: . &,9 gpm ELAPSED TIME: /. thr.
TEMPERATURE: :-:% _C COLLECTION TIME: a.6 min.

FEED CbNDUCTIVITY: LAQ.umos
FEED pH: 7. DATA TAKEN BY: 9,'7

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 I ILL 122- .x 18.3 = Z..33cfl1% = 16. 460. .22

2 3 _.L . A. x 18.3 = i._.x Q. = .. 3.

3 5 kA. LW x 18.3 = Zi-L&xO~ =' 11S.. 4&t) 99

MEMBRANE TEST DATA AFTER BIOCIDE EXPQSURE

BIOCIDE:N=A ..5,_CONC.:Q-- BUFFER:. 4.LA4,dQjg pH:

IMMERSION IN BIOCIDE:_..l.. 91 REMOVAL FROM BIOCIDE:2/VZ/91
TOTAL TIME IN BIOCIDE: 2§7DAYS

TEST DATE:dPL/_ 91 START TIME: Jt9S
PRESSURE : 9k. _ psl FINISH TIME:
FLOW RATE: Epm ELAPSED TIME: .D hr.
TEMPERATURE:. . C COLLECTION TIME: 7. min.
FEED CONDUCTIVITY: _.,,Q.umhos
FEED pH: 7.4k DATA TAKEN BY: ."C

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .x 18.3 = %xL = fi.. _8.0

2v 4 &.,.. ..18.3-. .Zx.a.. 7.0.

3 6 .2. JAA5. x 18.3 IV!)zL.. J.2



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUil> y SFEMS TEST # 4
ELEMENT # ts('e 6.- L-ME1 UJEw Cr)
MEMBRANE SHEET # 3072B--17=
MEMBRANE I.D. # '-72-.M

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: 91 START TIM:
PRESSURE: __psi FINISH TIME: -I a-30
FLOW R ATE: SU gpm ELAPSED TIME: 1-. hr.
TEMPERATURE: -0C COLLECTION TIME: -min..rn.
FEED CbNDUCTIVITY: .QQ .__umbos
FEED pH: . - DATA TAKEN BY:

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (urnhos) (M)

1 . JaeQ x 18.3 =2 9 -28x Q,1&3 ZJd .1 27009..

2 3 6.1 JL(&x18.3 =2da2L .L% -3 -.2. 88 _8

3 5 -7.4 LAB& x 18.3 = Z.Ox 0-fj 20f.0 179 -9.22

AVG. 2|1. -7.23. _f,2

MEMBRANE TEST DATA AEIER BIOCIDE EXPOSURE
BIOCIDE:&=f.9[K4&HIY~gCONC.:--3...-BUFFER: -,./A& - p

IMMERSION IN BIOCIDE:J_j 91 REMOVAL FROM BIOCIDE:2/J./91
TOTAL TIME IN BIOCIDE:-. DAYS

TEST DATE:aWj/ 91 START TIME:- ,,_S
PRESSURE: , -- Psi FINISH TIME :Q2
FLOW RATE: 0.72 rpm ELAPSED TIME::.hr.

TEMPERATURE: 2.Q_ C COLLECTION TIME: -min.
FEED CONDUCTIVITY:56 umhos
FEED pH: 7.7 DATA TAKEN BY: _..__

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 ..5, .Mx18.3=hLL&Q .t9_ 940 Q
2' 4 -.5,5 _L& x 18.3 4QdMx JAI _20..Q9 1.050 A,

3 6 ZA AM x~ 18.3 - LgLix 1.0t4.. 1 Ia,1) 40. M

AVG. -ILA. . t



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLu lb SSTEPMS TEST #
ELEMENT # 3728 (SAM ELEMesjT NE" Cur)
MEMBRANE SHEET # 3728- 13
MEMBRANE I.D. # "7Z--35

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 91 START TIME: 154
PRESSURE._ -__ _ -psi FINISH TIME: 1&45
FLOW IkATE: Q.5o gpm ELAPSED TIME: ],D hr.

TEMPERATURE: 32. 6 C COLLECTION TIME: . min.

FEED CIONDUCTIVITY: 44=0 umhos
FEED pH: "57. A DATA TAKEN BY: '

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 I k.j.L J.02 x 18.3 = .Wdgx 6-715Z2 L14Q0 MQ. .92

2 3 -7. -.LA x 18.3 = ZL2.x 0,5 1.2I~ _... 99.

3 S _&A. 1a3 x 18.3 = 2OdRx 0,752 JS52 41 9
AVG .JU. ..7.Q.. _.22.2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE~ts. TER&&.jkKMI CONC.: lQ- BUFFER: I.YQ.! VAI,- O PH: 5. (.2

IMMERSION IN BIOCIDE:.jAj 91 REMOVAL FROM BIOCIDE:lIZJ./91
TOTAL TIME IN BIOCIDE:. DAYS

TEST DATE:1Z/0/ 91 START TIME: 1130
PRESSURE: AQ0 psi FINISH TIME: IZ0
FLOW RATE:___ Q63 --Pm ELAPSED TIME: ohr.
TEMPERATURE:. .0 ___C COLLECTION TIME:.
FEED CONDUCTIVITY:=. ._...u mhos
FEED pH: 7,7 DATA TAKEN BY: e.E.M.-

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 L2 0.21 x 18.3 2 3x 1.0 179 _529.9.

2' 4 .1& 9AvM x 18.3 = x..... .6&40 B..
3 6 AA.QZ. x 18.3 Lla W&X 6~ 2 *740 9A



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLt'D 5Y5T9HS TEST # 3'
ELEMENT # -372A CSAmEELetE w- u euz-)

MEMBRANE SHEET # 3728-14
MEMBRANE I.D. # ___Z_-__ _ _

CONTROL MEMBRANE TEST DATA BEFQRE BTOCIDE EXPOSURE

TEST DATE: 91START TIME: O4
PRESSURE: _si FINISH TIME:
FLOW IkATE: ,gpm ELAPSED TIME: ,0 hr.
TEMPERATURE: - C COLLECTION TIME: .0 min.
FEED CONDUCTIVITY: 94C.._umhos
FEED pH: DATA TAKEN BY: t7

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (unihos) (%)

1 1 _71.4b x 18.3 = =L.x f76 = 20.7 M..98.9

x2 3 _"" x 1 8.3= -- '-. = " _----"

3 5 i1s IL x 18.3 =W2i1x O.jlfS = 23,95 _m 981
AVG. _ZZs- ..3.-:. .2.1.-

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:&L,hE&,EVVYCONC.: 0.5 BUFFER:94C./A/, 0pH:

IMMERSION IN BIOCIDE:l.Ij 91 REMOVAL FROM BIOCIDE:L2/J//91
TOTAL TIME IN BIOCIDE: "M5 DAYS

TEST DATE:1ZI/ 91 START TIME:- M 0
PRESSURE: psi FINISH TIME:Q
FLOW RATE: T :pm ELAPSED TIME: .h.
TEMPERATURE: Z .- C COLLECTION TIME: -.0 mill.
FEED CONDUCTIVITY: 5Z umhos
FEED pH: -7 DATA TAKEN BY: r..E..

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 £2_ j x 18.3 =2L59. h = Q 92

4 ... !L J x18.3= = 2,U& IS
3 6 1.. .L. x 18.3 OflNx O9I 22. 97N 6

* NO FLOW. PLAS5TIC ON MEMBRANE 5VUtFACE.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUi SYSTEMS TEST #. 7
ELEMENT # JS M LEerT b'J n-
MEMBRANE SHEET # 272g-I!5,
MEMBRANE I.D. # 37

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: 91 START TIME: 1015
PRESSUREt ps FINISH TIME:
FLOW ikATE: gpm ELAPSED TIME: hr.
TEMPERATURE: -C COLLECTION TIME: 5.0 Min.
FEED C3NDUCTIVITY: 4.40 DuAhos
FEED pH: DATA TAKEN BY:
CELL SAMPLE MLS MLS I MIN AREA TEMP. GFrD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 i _L22x18.3=.22 015= J6.8 4409

2 3 . _.12. x 18.3 = _:2x 6152- = L.4 8M

3 s ILZ J2.Z x 18.3 = ZVOxQ752 = 46e) 99.3
AVG.1... _.4..-. .219.1

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
6010M ISSULFrIrW/

BIOCIDE: ____CONC.u:1 haBUFFER:p

IMMERSION IN BIOCIDE:..J/. 91 REMOVAL FROM BIOCIDE:WL/€/91
TOTAL TIME IN BIOCIDE:...JDAYS

TEST DATE:12/il/ 91 START TIME: IO55
PRESSURE: Dpsi FINISH TIME: 113 ..
FLOW RATE: 0,2 . pm ELAPSED TIME: Jh hr.
TEMPERATURE: 21 C COLLECTION TIME: 5.6 mrin.
FEED CONDUCTIVITY: umhos
FEED pH:-- 1& DATA TAKEN BY:_
CELL SAMPLE MLS M'ISIIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umnhos) (%)

1 1 4.5 o0 x 18.3 L jxL4x = = Jo.. -93-8
2* 4 £...LW~ x 18.3 dW x L.QZ = 1&?L. 9S.7.
3 6 4.5- Q9- x 18.3 IA17x ,a2. = _JL_. "

AVG..1 .'.. . . ... ,. .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLuiD sYsTErmS TEST # ,
ELEMENT # - %72 j(sAMEELM~Je.f- Jrr)
MEMBRANE SHEET # 372-go
MEMBRANE I.D. # 37Th-38

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: ._i 91 START TIME: 140
PRESsup 4E psi FINISH TIME: 17-40
FLOW IATE: -7.. gpm._ ELAPSED TIME: 4.0 hr.
TEMPERATURE: 3. C COLLECTION TIME: min.
FEED C NDUCTIVITY: .O. .. umnhos
FEED pH: 7.4 DATA TAKEN BY: A.y.

CELL SAMPLE MLS MLS I MIN APEA TEMP. GFD COND. REJECTION
CORR. CORR. (urnlos) (%)

I I jaa3 1J21. x 18.3 = Zlgkw Qj_:3A = t-L.0. 5.30 -2.
2 3 .&,Z.. JLQf x 18.3 = jjgax 073A = 14.0 430 .299-9
3 5 1&n-L jj2Z x 18.3 = 22,'x Q73~ = i. 520 .22L1

AVG. . 2 .
MEMBRANE TEST DATA AFTER 1310CID EXPOSURE

BIOCIDE:, CQhT8QL CONC,:_._.]X-h BUFFER: 4CMJ! H:-O p 5:

IMMERSION IN BIOCIDE:J.!/JL 91 REMOVAL FROM BIOCIDE:gQ2/91
TOTAL TIME IN BIOCIDE:_2pDAYS

TEST DATE:J2  91 START TIME:J
PRESSURE: . psi FINISH TIME: L4
FLOW RATE: pm ELAPSED TIME: .o ..br.
TEMPERATURE:.0 - C COLLECTION TIME: .6, -min.
FEED CONDUCTIVITY:... umhos
FEED p1l: 17 DATA TAKEN BY:

CELL SAMPLE MLS MIS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 x z .L 18.3 ZLajl. LQQ.. 1= - 520.i .. 99Q
2 4 Al17-02. x 18.3 m 112x J&Q _1. ..57Q..
3 6 Al DM x 18.3 =L , 2.x _ = ..00 1520..

AV(;. ..JA,.. .0.1. ...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: l__ilD SYsTrmS TEST # 40
ELEMENT # 3728 (SAMELEMME -EW WT)
MEMBRANE SHEET # 3:228- 18
MEMBRANE I.D. # A729-40

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 91 START TIME:
PRESSu/Et -psi FINISH TIME:
FLOW RVATE: in, ___ A gpm ELAPSED TIME: bl. hr.
TEMPERATURE: - C COLLECTION TIME:FEED cONDUCT:IVI'TY: t p.o.umhosFEED pH:D 7.T DATA TAKEN BY: .C.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (M)

1 1 5ja JZ., x 18.3 = 2ak 0,7 = sw 99.1

2 3 OLZ. 1i x 18.3 = 2o0fnx QZ = 4 4W 99.a

3 5 jpQ AM x18.3L2J = ZL JLe0.1 5 ag2LL

AVG. at&d .4597..93
MEMBRANE TEST DATA AFrER BIOIDE EXPOSURE

BIOCIDE: eITOJ- CONC.: _BUF___ ER:__,./_a__W3 p_.__

IMVERSION IN BIOCE:_J_ 91 REMOVAL FROM BIOCIDE:/l/9.r
TOTAL TIME IN BIOCIDE:_ DAYS

TEST DATE:J.L/ 921Z START TIME: 1049
PRESSURE: _8x__._psl FINISH TIME:
FLOW RATE: , O.7q gpm ELAPSED TIME:
TEMPERATURE: ZJQ C COLLECTION TIME: 7.Q rin.
FEED CONDUCTIVITY:.E4wo umhos
FEED pH: 7.7 DATA TAKEN BY: K.T,

CELL SAMPLE MLS MLS/MIN AREA TEMP. GrD COND. REJECTION
CORR. CORn. (umos) (%)

1 - .2 t 1. 1.3= a2f6fx = 20.7 9 94
2V 4 13 L1x.18.3 A.
3 6 Aj x18.3 -13.2Lx .LQL _= .i"Q 9k9-

AVG. .3-aa -w.. .28.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID 5YVSTEM5 TEST # 4s
ELEMENT # B72R (SaMeF.EME,&a AlEh c ur)
MEMBRANE SHEET # 5-728-21
MEMBRANE I.D. # B728-45

CONTROL MEMBRANE TEST DATA BEFORE DIOCIDE EXPOSURE

TEST DATE: 91 START TIME: I-2-
PRESSUREf 8 N&)psi FINISH TIME: _ =
FLOW IZATE" 0 tog gpm ELAPSED TIME: . Q.o _hr.
TEMPERATURE: _ ____- _ COLLECTION TIME: . -mnrin.
FEED C'NDUCTIVITY: 4AfyQnumhos
FEED pH: 7./o DATA TAKEN BY:

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 t& LZLx18.3 = ZbQk J)? IT 610Q 99.

2 3 U& u_ x 18.3 = ZL5gx Q-1B J.5.92_ 2 99.4

3 s -7.4 JA& x 18.3 = ZlQ = C-zoQ20.0 470 92Z
AVG. .Il.Q. ..129

MEMBRANE TEST DATA AFTER B3QCIDE EXPOSURE

BIOCIDE: .gr[9_L CONC.: BUFFER: 1-!A/&ji4.pH:_..._

IMMERSION IN BIOCIDE:._/JLJ 91 REMOVAL FROM BIOCIDE:Jj/gzr
TOTAL TIME IN BIOCIDE: 9W DAYS

TEST DATE:JJ/ 9Y' START TIME: 12I1
PRESSURE: R -- psi FINISH TIME:
FLOW RATE: 12 .,{-- gpm ELAPSED TIME: ... .r.
TEMPERATURE: -21., C COLLECTION TIME: .9-3' min.
FEED CONDUCTIVITY: =Q.. .mhos
FEED pH: 7.7 DATA TAKEN BY:tL. . .....

CELL SAMPLE MLS MLS/1IMN AREA TEMP. GPD COND. RE ECTION
CORR. CORR. (umhos) (%)

1 2 0,&& x 18.3 I,5.1x L = Jk_.. . ..
2 4 J 00 x 18.3 x. .. .. .. .,..

3 6 Ak &n x 18.3 11,Sx ~Q =.f2. -7Q



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIb SY57EMS TEST # 49
ELEMENT # 728 e5AME &EMhIJ1 #JW ciurr-)
MEMBRANE SHEET # - 7W2-2/a
MEMBRANE I.D. # B7IZ-48

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: 4.iA1 91 START TIME: 0940
PRESSUREs ____ _--_psi FINISH TIME: 10!0- Ilz
FLOW 1VATE: O.i9 gpm ELAPSED TIME: 1. h:h r.
TEMPERATURE: Al C COLLECTION TIME: -. in.
FEED CbNDUCTIVITY: 4 umhos
FEED pH: 7" DATA TAKEN BY":

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umnhos) (%)

1 1 7.4 .4 x 18.3 =2.0ax .5 = .5 700

1. 3 1x18.3 = Z x -9 = 23.0 &6

3 5 76 .,5 jx 18.3 = ZA4x Q = 21.5 740 99
AVG...-. Il.. ..- &

MMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:._L_Cy.L,&CONC.: QL.2_c BUFFER: 146,/ I.460- pH:kQ

IMMERSION IN BIOCIDE:_I_/Jl_ 91 REMOVAL FROM BIOCIDE:..L j/q'2
TOTAL TIME IN BIOCIDE: DAYS

TEST DATE:II/ 9YZ START TIME: O85E
PRESSURE: :_. psi FINISH TIME: 09ff-
FLOW RATE: O.' gpm ELAPSED TIME: 7r.
TEMPERATURE: ..__ C COLLECTION TIME: . -in.
FEED CONDUCTIVITY: .Q umhos
FEED pH: 7. & DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFrD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 -_0 iA_ x 18.3 = a = 1Q .. 9
2* 4 ZL L44x 18.3 Z3LxO.Y2 0, 2.5.3. IL3Q.9..
3 6 A& .L x 18.3 2lx QX4%2 2_42 1000. 918, a.

AVG...,.. .IM. x
*OvEHEAT'l). C-COLED AT *4O psi W'11W FAI AND EVA POeATION0.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID 5YSTEMS TEST #
ELEMENT # 3728
MEMBRANE SHEET # 3728-27
MEMBRANE I.D. # 3-7ZS-49

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: I 91 START TIME: 121b
PRESSURE: psi FINISH TIME:
FLOW RATE: .pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 32.5 C COLLECTION TIME: m. rain.
FEED CONDUCTIVITY: (,04Q=L.._umhos D
FEED pH: 7.( DATA TAKEN BY: __."

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 j .UL x 18.3 = .59 x 01 52. = l6. IDW 199.

2 3 &RA .2 x 18.3 = 2I.Rx 01~ 17l. 032-99.

3 5 (o.4 _.2 x 18.3 = L. 42x Q-752. IT li.540Q%.
AVG..itt X1. &Wo9

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:SALICYLIC AID CONC.: .. L. BUFFER:1-N*d pH: 5. 6

IMMERSION IN BIOCIDE:JJQ.L/ 91 REMOVAL FROM BIOCIDE:.J./92
TOTAL TIME IN BIOCIDE:__91 DAYS

TEST DATE:.l./ 912 START TIME:
PRESSURE: ,-_psi FINISH TIME: 125- -

FLOW RATE: E . O. pm ELAPSED TIME: 1.0 hr.
TEMPERATURE:. S. C COLLECTION TIME: -. 0 mn.
FEED CONDUCTIVITY:5 10 umhos
FEED pH: __ __ _DATA TAKEN BY: _..E.H.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 £5. 140...x 18.3 -- J3x &M9L J1. &40 9B-

2 4 &5..- IJ. x 18.3 - 2a3 QMB .1~... ..51Q6
3 6 _4A 09 1.3 x 1&3 =x Q98L- 17.2 5w W.0

AVG. IJES. .507- .9.1...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID V 7Ems TEST # _0

ELEMENT # 72s
MEMBRANE SHEET # 37Zg-2
MEMBRANE I.D. # 372P--5o

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: . 91 START TIME: 5
PRESSURE: - PSi FINISH TIME:
FLOW RATE: s gpm ELAPSED TIME: 1- ) hr.
TEMPERATURE: 5 COLLECTION TIME: 5.0. min.
FEED CONDUCTIVITY: &f...)umhos
FEED pH: DATA TAKEN BY: K-77

CELL SAMPLE MIS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 bL_ _.22 x 18.3 = Z,3x 0.,& = I'l 5f 99

.3 52 _L& x 18.3 = =x Q3Ioe = 1ii AI99
3 5 lA JZ6 x 18.3 = 2ian Q&5 = 119 AW 9.22

AVG. -- Z. -9W. --

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: 5A.IC VLJCA_., CONC.:. Q%-1BUFFER: j4cA4AIitO_ pH: 5.7

IMMERSION IN BIOCIDE:/JQ/JJ 91 REMOVAL FROM BIOCIDE:J//9Y2
TOTAL TIME IN BIOCIDE:_9/ DAYS

TEST DATE:J_/I/ 9,'Z START TIME: 1425
PRESSURE: &?Q _. psi FINISH TIME: U629
FLOW RATE: 1 .7-- Rpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:_ ... 0 _ _C COLLECTION TIME: .. min.
FEED CONDUCTIVITY:S2.7= umhos
FEED pH: 76 DATA TAKEN BY: C.E.H.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2* _QL4 . x 18.3 =_x LW .A

2 4 .&L laZ x 18.3 I&kZx =L - 1J&Lmo 9

3 6 141Z..LI x 18.3 =.2Qx 1,00 Ae 9l..Q. f9

M PINHLE FOU~AVG.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FnLI) SY-s'EmS TEST # 55
ELEMENT # B729
MEMBRANE SHEET # a72s-35
MEMBRANE I.D. # A729--5

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: IlJ 91 START TIME:
PRESSURE: AFSO psi FINISH TIME:
FLOW RATE: 0.9 gpm ELAPSED TIME: 2 hr.
TEMPERATURE: 291t C COLLECTION TIME: .o -min.
FEED CONDUCTIVITY: taj ...umhos
FEED pH: .7 .4 DATA TAKEN BY: __._

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

I I .5M .J14- x 18.3 = .Qgx 0, 1129 5o 99.

2 3 k4- J2a x 18.3 = Z5Ax2 = .20.1 W-0 W..

3 s .(fi. .L3 x 18.3 = l.?,x A - 2Q7 60 99
AVG..J2-6. -142 .9..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BEWZALiUtIjiE/BIOID:_ fT'A .':5Q2.CONC.. 0.5°/0 -BUFFER: 1-W ,II0 TPH: 51

IMMERSION IN BIOCIDE:J.-/JJ 91 REMOVAL FROM BIOCIDE:JJ/9lZ
TOTAL TIME IN BIOCIDE:.K- DAYS

TEST DATE:J../1/ 9Z2 START TIME:E
PRESSURE: 4 psi FINISH TIME:
FLOW RATE: . 69 pm ELAPSED TIME: -hr.
TEMPERATURE: . c COLLECTION TIME: S. _min.
FEED CONDUCTIVITY:W J umhos
FEED pH: 7-7 ___ DATA TAKEN BY: C.E.m.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 5.Z j,4. x is.3 - ff&Bx LD 9..4 '13D 9S.7

2 4 51.. J.QA x 18.3 - fi.Ox 1.0L2 19.4 . 98.9

3 6 4.L QM x 18.3 - jSQXz . 15. - 1.0.. 98_2

AVG. 22..- 7- -9/&



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEMS TEST # 5o
ELEMENT # -72e
MEMBRANE SHEET # 3726-34
MEMBRANE I.D. # .372a-S,

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .Q_i91 START TIME: n 250
PRESSURE:. psi FINISH TIME: I t) ,
FLOW RATE: 0-10 gpm ELAPSED TIME: -6 hr.
TEMPERATURE: A C COLLECTION TIME: : Q min.
FEED CONDUCTIVITY: 1.,P00 umhos
FEED pH: _ .4 DATA TAKEN BY: K-.r.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 j-L, 5 x 18.3 = 2.45x 0.8Z = 22.lg q 99.2

2 3 _LCQ iAx 18.3 = ZLfr2x 0.626 21.1 & 9.9.

3 5 ... kL .U2x 18.3 =2&x 0,B 24, 7e 96k7
AVG. .1.3. =..

MEMBRANE TEST DATA AFTER B!OCIDE EXPOSURE
B&VZALJ0NVOmIMC&Lo~it6/BIOCIDE: 5&DT'A .1Q2 .)_CONC.: Q ~ BUFFER:.. PH: : k

IMMERSION IN BIOCIDE:.JQLIL/.91 REMOVAL FROM BIOCIDE:JJ..'9Z'.
TOTAL TIME IN BIOCIDE: qj)DAYS

TEST DATE:J.J13 9Z1 START TIMEE: 11Z:
PRESSURE: . psi FINISH TIME: E:!-
FLOW RATE: : .gpm ELAPSED TIME:_ :0 -hr.
TEMPER ATURE:,C COLLECTION TIME:-. rain.
FEED CONDUCTIVITY: 60._ umhos
FEED pH:--- .7 DATA TAKEN BY: Jo ..

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 52..l 114. x 18.3 = ZO&x U&8. 7&20. 9.2&.
2 4 .A&k JZ y 18.3 - &4&~x &ML 2.7. ..an
3 6 AhA .LZW x 18.3 =ZiAZx 02,9 1 .IQ 910.. 981..4

AVG. 2Z.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: _FUir SY7TE/tS TEST # 57
ELEMENT # 572.
MEMBRANE SHEET # -728-25
MEMBRANE I.D. # .- rz% - 57

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: IQL..BJ 91 START TIME: II,
PRESSURE: -psi FINISH TIME: !214
FLOW RATE: / A gpm ELAPSED TIME: I. ) hr.
TEMPERATURE: 31 C COLLECTION TIME: Q 11 min.
FEED CONDUCTIVITY: 61 ,(= umhos
FEED pH: 7.4 DATA TAKEN BY: _.-

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 Jan. .L3b x 18.3 = 25-.2x Q;296 .20. No..991.

2 3 27,1- JAI x 18.3 = ?L~ax 0-79 21. es 9B.6

3 5 .8Q .-kQ x 18.3 = 2x & =-7 25i dQ. /0&0 9B.

AVG. .271?0.. -7?2Q_..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
egpZAJOWU CI4LOPbt/

BIOCIDE:.E'DI(- CONC.:.oj2o.-| BUFFER: Hf-II/HtCXQpH: .. 5

IMMERSION IN BIOCIDE:J.JUj 91 REMOVAL FROM BIOCIDE:.J..19t2
TOTAL TIME IN BIOCIDE: 9@ DAYS

TEST DATE:J.LJ/3 9,r START TIME: 1_47
PRESSURE:,.._.w _psi FINISH TIME:___ _
FLOW RATE E g.pm ELAPSED TIME: . hr.
TEMPERATURE: - j..0 - C COLLECTION TIME: O min.
FEED CONDUCTIVITY:5KO._umhos
FEED pH: 7.7 DATA TAKEN BY: _._,.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 AZ. J34 x 18.3 -tA x 1a.0 24.6 _71 9.0

2 4 &J. .9 x 18.3 - Zjjx J. 2.4. .1.5.0 9a.

3 6 la J.I x 18.3 = 12Mx J... (: 179... 1.5.. .9

AVG. -Z*.. kl



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUID SYSTEA45 TEST # -&I
ELEMENT # SE 3730 (N&WELEMENT)*
MEMBRANE SHEET# 3-730-i
MEMBRANE I.D. # 370-w

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: I 91 START TIME: 09/1
PRESSURE: psi FINISH TIME: ol i
FLOW RATE: M . gpm ELAPSED TIME: 1 0 hr.
TEMPERATURE: w C COLLECTION TIME: 6.. rain.
FEED CONDUCTIVITY: DAA AKN_umYos
FEED pH: 7./- DATA TAKEN BY: .
CELL SAMPLE MLLSL. / MEN AREA TEMP. GFD COND. REJECTION

CORR. CORL (umhbo) (%)

1 1 i.. J 18.3 a .2x n 6 .1 . ao 9.4

2 3 .A. jJa x 18.3 a ll~ DAE - 11.0Q -560 %

3 5 &5i JWxz 1&.3 - =xa~ W9B2 w 192L M~o..9.t
AVG. Afs, . -7M- .2.18

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BOCIE: .Ssic Aejb CONC..c& UFFER: 1tlidak,03 PH: 5.5

IMMERSION IN BIOCIDE:jJJ/J 1 REMOVAL FROM BIOCIDE:j.#Z
TOTAL TIME IN BIOCDE:jDAYS

TEST DATE:./ d l' START TIME:E
PRESSURE.:-psi FINISH TIME:.091D
FLOW RATEE-----0."pm ELAPSED TIME: E .hr.
TEMPERATURE: 22.1 C COLLECTION TIME: :.1 mrin.
FEED CONDUCTIVITY:. _ mmos
FEED pH: 1.7 DATA TAKEN BY: C.E.M,

CELL SAMPLE M. MS/UIN AREA TEMP. GFD COND. REJECTION
COIL CORR (mhou) (M)

1 2 -43- 224 , &3 wjz jaj. 1.120. 490 99

2 4 £L J.QZ- z".3 =j~h.z u.QA .k. 640 %.9
3 6 f.A 112. z18.3 , .Z x1.104 -. (p .Q90

* 5AMPLES STORED IN 4W0%b 6LYCEKOL AVG. .. Q.
ANb GLUTE LDE Yoe.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUb qVsr 5 TEST # 62
ELEMENT # sE 373a ('NEW ELEMFNT) "

MEMBRANE SHEET # 2orn-..-
MEMBRANE I.D. # 3ri -/&Z7

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: jQ./J 91 START TIME: /04'
PRESSURE: psi FINISH TIME:
FLOW RATE: gpm ELAPSED TIME: .o hr.
TEMPERATURE: _ j C COLLECTION TIME: M min.
FEED CONDUCTIVITY: "Oenm...umos
FEED pH: 7_b DATA TAKEN BY: k.T .
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umho) (M)

I 1 .13j ., L&3 w.2A6%, "- A 9& 38.4
3 3 .Q._ .,4 x L l .32Mx 07,. a .7 . A %I&

AVG. .2.71 fE. 3 .95.4

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: 50EBIC kIb CONC.: -BUFFER:_HN|gpjDS pH: 6.5

IMMERSION IN BIOCIDE:]Q/.L./ 91 REMOVAL FROM BIOCIDE:LJ_/WgZ
TOTAL TIME IN BIOCIDE:j.V..DAYS

TEST DATE:LJd/ 9Z1 START TIME: :_____
PRESSURE:- -- A psi FINISH TIME: iJ.L
FLOW RATE: 9..7 . .pm ELAPSED TIME: hr.
TEMPERATURE: C COLLECTION TIME:.. in.
FEED CONDUCTIVITY:fumbos
FEED pH: 7 DATA TAKEN BY: ,
CELL SAMPLE MLS MIS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (mnos) (M)

1 2 I .A J4QLs3 = 2_5Q& LJ2- 2. 9

2 4 .ax . L....J .Zx M ..2kL I91.Z

3 6' L.3 =2=x 0L Z 4 .960 98-T...

*5414PLES5TOgEt, IN 40% GLYCEROL WND 6LUTEALDEHYPE.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLUIb SYsTEMs TEST # 63
ELEMENT # SE 3730
MEMBRANE SHEET # .Mo-
MEMBRANE I.D. # w,-3--,3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .IjJi 91 START TIME: 1246
PRESSURE: A&i FINISH TIME: 1405
FLOW RATE: - . pm ELAPSED TIME: 1,. hr.
TEMPERATURE: COLLECTION TIME: .5 min.
FEED CONDUCTIVITY: AwQ 2,,_umhos
FEED pH: 7.t DATA TAKEN BY: .

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORL CORR. (umhos) (%)

1 1 L0 12kz 83 - =.Zzx2* Q-7 J3.4 32o 99

2 3 j5A £Q8 x 18.3 - 12.lx Q.-* - 15.1L ma~ 99.4
3 S &eQ-. .L20 x 18.3 = ZL-.%xQM~m; 16, J(654Q. 9.21.

AVG..J.t ..15.L AM..--A

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: SORBICAUPID CONC.: .01%. -BUFFER: I.i/CNljk caHD pH: 5.5

IMERSION IN BIOCIDE:_LIIj./ 91 REMOVAL FROM BIOCIDE: jj4/9rZ
TOTAL TIME IN BIOCIDE:._A&.DAYS

TEST DATE:,,I1/ 9,Z START TIME: I-fI-
PRESSURE:..._ . psi FINISH TIME: 4
FLOW RAT 7 pm ELAPSED TIME: hr.
TEMPERATURE:__._. __C COLLECTION TIME:Q......-min.
FEED CONDUCTIVITY: Z.OW umhos
FEED pH: 7.7 DATA TAKEN BY: E.E.t.

CELL SAMPLE MLS MISMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (mik.) (M)

1 2 . 01&.3 -l =,OI L R 120 9A-o

2 4 5.1 Lj L '-L"xzQB - 1.3B~ /DnW .0Q

3 6 4~i.5 Q x 183 u W-4Lz 1, .M IL 98.10

AVG. -1Q.5



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiU4TEc TEST #
ELEMENT # AI391B74
MEMBRANE SHEET # _

MEMBRANE I.D. # ia74-i

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ._IiA 91 START TIME: 154
PRESSURE: psi FINISH TIME: 1&4()
FLOW RATE: 0.75 gpm ELAPSED TIME: hr.
TEMPERATURE: 3- ._C COLLECTION TIME: 4.Q min.
FEED CONDUCTIVITY: 5Oumhos
FEED pH: 7 DATA TAKEN BY: K.T.

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbo.) ()

1 1 _.&C 2. x 1&.3- z WAx ghA 5.2. -10 99, 1

2 3 _B.&Q Zx L3 = 3&QB5 A0. 55 99.0

3 S .BAj 2._ Z 18.3 -=aLx QA955 - 2.1 476: 99-2

AVG. ZL(. .. Z. 5..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
.W(AL,.ONIUM

BIOCIDE:_ fLjtff CONC.:Q& BUFFER: KI Afa/4 on4ApH: &.ff.

IMMERSION IN BIOCIDE:_SJ_ 91 REMOVAL FROM BIOCIDE:12/2j91
TOTAL TIME IN BIOCIDE:_AlL.DAYS

TEST DATE:jVZJ 91 START TIME: ]I0
PRESSURE:, -psi FINISH TIME:
FLOW RATE: 0.7 -pm ELAPSED TIME: U30 hr.
TEMPERATURE:__.& -C COLLECTION TIME: 6. -min.
FEED CONDUCTIVITY:.%QjQumhos
FEED pH: 7.8 DATA TAKEN BY: A.V.D.L.

CELL SAMPLE MLS MISMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (M)

1 2 z L " I18.=. -x - __

2 4 Q.03. = ""x .

3 6 = l 3 - - --

AVG. ..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FaU-mc TEST # 2
ELEMENT # Aj2;qITg74
MEMBRANE SHEET # 3
MEMBRANE I.D. # I74--Z

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .9_2i__ 91 START TIME: /)2O
PRESSURE: 600 psi FINISH TIME: 1[05
FLOW RATE: Q. 7 gpm ELAPSED TIME: 1.6 hr.
TEMPERATURE: 5. -- i COLLECTION TIME: 4 -- min.
FEED CONDUCTIVITY: E%000.umhos
FEED pH: . 7, DATA TAKEN BY: C.".7

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

I I .LPx 18.3 = &Agt a&S. = 311)LL 9.

2 3 .& 2.00 x 1&3 = -tL.x Q_ = 3ot, e -to_

3 5 Z-f- x 18.3 =ZLk ma WS =~. -S yLL ftys~

AVG. -. 1-&-0...2.. .B..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
•E"ALKON IUM

BIOCIDE:.._WRM_- CONC.. 0,1 _UFRBUFCERE:OPH: 7.N.,.

IMMERSION IN BIOCIDE:_.J_]. 91 REMOVAL FROM BIOCIDE:L_21.91
TOTAL TIME IN BIOCIDE:_J7 DAYS

TEST DATE:IVZJ 91 START TIME: 1415
PRESSURE: -psi FINISH TIME: 15|5
FLOW RATE: f)7R Rpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:___ ..e C COLLECTION TIME: SqO min.
FEED CONDUCTIVITY: . unmhos
FEED pH: 7. DATA TAKEN BY:_

CELL SAMPLE MLS M[ISMIN AREA TEMP. GFD COND. REJECTION
CORR. CORL (uahos) (M)

1 2 -5 O zJ, IL3_-2J40.,. a .2.1 A2= A7.9

2 4 AL. QW x ,18.3 - M.zx Q2= 2.7 91.

3 _ 4,E atx18.3 =.Z l97 2.7 5 90.7

AVG. . .9DJ..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: f.MrEc TEST #
ELEMENT # Al"Islj
MEMBRANE SHEET # +
MEMBRANE I.D. # 1B74-3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .. /_. 91 START TIME: 4410
PRESSURE: goo _ psi FINISH TIME: i _ _l_ _

FLOW RATE: O.&" gpm ELAPSED TIME: I. hr.
TEMPERATURE: 3w.0 C COLLECTION TIME: 4 O min.
FEED CONDUCTIVITY: 6..22_umhos
FEED pH: 6.15-7.OO DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

2 3 a-a 2.. x 18.3 = jjZ~ = 31.1 als 950

3 S 8-o~ 2-o0 z 18.3 = St&aOx 30=.+2. A 9
AVG. --3h.. g .22A-:J

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
ENAL.KON IUl

BIOCIDE: .aIQ &I?'.__CONC.: 0.01 BUFFER:J.Id tK _pH:J_ .

IMMERSION IN BIOCIDE:.J./j 91 REMOVAL FROM BIOCIDE'a/I/91
TOTAL TIME IN BIOCIDE: BDAYS

TEST DATE:./Z./ 91 START TIME:..0Q
PRESSURE:__ = psi FINISH TIME: It 3W
FLOW RATE: 0Qi Qpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:- 2.. .C COLLECTION TIME: 10 -min.
FEED CONDUCTIVITY:. O Mumhos
FEED pH: 7.0 DATA TAKEN BY: L.E.M .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 AZ. 0.0x .3 -- Ms72. &5B= .5 1" 92.1

3 6 .L 052L x I.3 - 9.33x o, - ..70& .. 9.
AVG. -7A._. .4500 .91.-..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: Fl."mTEc TEST # 4
ELEMENT # A131874
MEMBRANE SHEET # _ "
MEMBRANE I.D. # /874-4

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _j__J 91 START TIME: /54D
PRESSURE: sonpi FINISH TIME:
FLOW RATE: 0.&5" gpm ELAPSED TIME: -.9 hr.
TEMPERATURE: 33.5 C COLLECTION TIME: -min.
FEED CONDUCTIVITY: L.58A_.umhos
FEED pH: 7.y5 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 I 1 .5 J x 18.3 = j. 7, 0 = 2.. 880 ?.-

2 3 9.6 JaZ2 x 18.3 =32a.77 Q = 79.0 00 K-.4

3 5 942~ .. L x 18.3 =3Lz Dj~ 7-1.3 74 .g2. 27

AVG. 2.".. . . .. :.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: REEM_ iCONC.: 2 BUFFER:NA(E PH:_15

IMMERSION IN BIOCIDE:._g..2_/ 91 REMOVAL FROM BIOCIDE:L/./91
TOTAL TIME IN BIOCIDE: J&8_DAYS

TEST DATE:L&/ / 91 START TIME: 4ZO
PRESSURE: -.----- ps______psi FINISH TIME: 15
FLOW RATE: . _ Pm ELAPSED TIME: [.0 hr.
TEMPERATURE: E- C COLLECTION TIME: .TO min.
FEED CONDUCTIVITY: 6_0_umhos
FEED pH: 7.8 - DATA TAKEN BY: ..E.1.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbor) (%)

1 2 L -.193. ? O.= - lam .4.

2 4 _9 x 18.3 .Ziz OZ25 2.O.. .. .3..

3 6 &0 1,2 1183 .2LJjiezQA2- ZvoA 9.

AVG. ...3 .9



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FL4TErC TEST # "
ELEMENT # AIS91R74
MEMBRANE SHEET # & _

MEMBRANE I.D. # iR74- '

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _._JA 91 START TIME:
PRESSURE: _______psi FINISH TIME:
FLOW RATE: spm ELAPSED TIME: _ ,_ _hr.
TEMPERATURE: Z16 ,C COLLECTION TIME: 4,D mn.
FEED CONDUCTIVITY: E5sRQ....uwhos
FEED pH: DATA TAKEN BY: k,

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 1.9 _2 x 183 = a d .AB = -. l9

2 3 x. . ,18.3 =Q SW = -24.0 410 1

3 5 2& ,J x 1.3 = :M Mx LB_5t = 7-9. 5Q 9.0

AVG. -&QLQ .,. .574.-

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:_f_6A__ CONC.:2% _BUFFER: ._ JJL". pH: S.3

IMMERSION IN BIOCIDE:.._9j( 91 REMOVAL FROM BIOCIDE:LZ/4/91
TOTAL TIME IN BIOCIDE: (g' DAYS

TEST DATE:LV-fJ 91 START TIME:
PRESSURE:. Q. . psi FINISH TIME:
FLOW RATE: Epm ELAPSED TIME: 1.0 hr.
TEMPERATURE:_ C COLLECTION TIME: K,2 min.
FEED CONDUCTIVITY:. _%..._.umhos
FEED pH:_ 7._ DATA TAKEN BY: C.E.,

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (uanhos) (%)

1 2 1. '-.4 1_Q _ = 1.I .7& ..S37.
2 4* &.2 1_4 x1.3 .x=J- 227 9M

3 ," _(gQ LZ x u&s =2kx JQ0 = .2.0 9__

AVG. _32.9. -441. .. 1..
*IEM6ANE 63RACEH 4owetT OEAvy DYE LiPTrwei. memsRA4$ weg

1AM~P4ED. THtS TEST SH40ULW BE REPEPMTM.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: F/LmT"r TEST #
ELEMENT # A1391fl74
MEMBRANE SHEET # 7
MEMBRANE I.D. # IoW,- &

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ../ 91 START TIME: 10955
PRESSURE: Soo psi FINISH TIME: I Q 55
FLOW RATE: a. b7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: a3.. C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY: 5Apl ._umhos
FEED pH: 7.,& DATA TAKEN BY: '7

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 _ 1..3 =: 29, 630 9

2 3 .. T , I1.3 = '&U ., 1= 98. I
3 s ,% x 18.3 = .9122x Q 2%.2 0,70

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
SUBSTIIULTEl.

BIOCIDE:J f11_i"_ 2CJ ONC.:_.QAL.5 BUFFER:.S ./iaki. .pH .J2.a...

IMMERSION IN BIOCIDE:.-9/2I 91 REMOVAL FROM BIOCIDE:Lv /91
TOTAL TIME IN BIOCIDE:.Jg2DAYS

TEST DATE:1V/_ 91 START TIME: _40
PRESSURE:-- ' 8 psi FINISH TIME: 164e)
FLOW RATE:- .- pm ELAPSED TIME: hr.
TEMPERATURE E2 . ... C COLLECTION TIME: 0 min.
FEED CONDUCTIVITY: ,t=umhos
FEED pH: 77.R DATA TAKEN BY: _.._.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 2 a.3 2L x 18 =lkx . O. - 29.8 175
2 4 23. . . 490 99.

3 6 .e_ ROxS.3 2 o. - 24. 6708,A

AVG. 2t. W ..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILPt=-' TEST # 7
ELEMENT # 6t19/974
MEMBRANE SHEET # __

MEMBRANE I.D. # /e74-7

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9 1 (e 91 START TIME: 13____.55 ___

PRESSURE: 9=.-psi FINISH TIME: I,7"...
FLOW RATE: 0. 77 - gpm ELAPSED TIME: .O hr.
TEMPERATURE: 3a. -C COLLECTION TIME: 4. - min.
FEED CONDUCTIVITY: .52= umhos
FEED pH: _ !, &e_ DATA TAKEN BY: K.7
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (M)

1 1 9-2,. Z-Q5f x 18.3 =31._51x 0.~ 31.3 1520 99.1
2 3 A..L 203x 1.3 = -1 Q.5_ 05AW.09.

3 5 7,7.5 1.94 x 18.3 = . = 0291 99.0

AVG. -f--A- ...0 ..9 .!.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
6u86sTirvrvv

BIOCIDE:L jI=0ahujI.._CONC. :..0,6 BUFFER: iC 0,._.pH: _73 _
IMMERSION IN BIOCIDE:.J_2 9I REMOVAL FROM BIOCIDE:9±_1/91
TOTAL TIME IN BIOCIDE: &,9 DAYS

TEST DATE:2/i_/ 91 START TIME: 1325
PRESSURE:-.... ___ psi FINISH TIME: 1426
FLOW RATE: D.7 Rpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 2A .... C COLLECTION TIME: - m min.
FEED CONDUCTIVITY:5eM umhos
FEED pH: 7. a DATA TAKEN BY: :-.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 2 T.0 1,4k x 18.3 = 25k2X, 7_4
2 4 kx 18.3 =21.&x Q..W 2..1 A% 98,

3 6 k-t II& z 18.3 = 24_,Q.9~ .... 2i -. .1

AVG. .282.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: F/L-4TEC TEST #
ELEMENT # AI391S74
MEMBRANE SHEET # _

MEMBRANE I.D. # /S'74,

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: __L_/J 91 START TIME: /23
PRESSURE: --_-- __ psi FINISH TIME: /l78
FLOW RATE: p gpm ELAPSED TIME: Qo -hr.
TEMPERATURE: _3..C COLLECTION TIME: .5 min.
FEED CONDUCTIVITY: ._..5410.umhos
FEED pH: 527 DATA TAKEN BY: K.".

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 9.45 L x 18.3 = 0, . = .9 o 99.2

2 3 2.3 1-% x 18.3 = M04 x = 2.4 45D 99.2

3 5 . .&p( x 18.3 = _A 0. 2o.4 40Q 199.2.
AVG. .&A .e..1. 99.2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
su8srirurE

BIOCIDE: EdjLd.L NCONC.: .0-0 01aBUFFER:J1IILaMc &_pH: If _i

IMMERSION IN BIOCIDE:.. 9JJ 91 REMOVAL FROM BIOCIDE:_2/4./91
TOTAL TIME IN BIOCIDE:f DAYS

TEST DATE:IV/I/ 91 START TIME:
PRESSURE: ...... -psi FINISH TIMEE
FLOW RATE: 0.0 gpm ELAPSED TIME: I. -hr.
TEMPERATURE: 2(.O C COLLECTION TIME: S0 -min.
FEED CONDUCTIVITY:. a..umhos
FEED pH: "7. DATA TAKEN BY: .E..

CELL SAMPLE MLS MLSIMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 2 .-0 4. Q x 18.3= _.z.2 = L24.9 61 9

2 4 x.i .L X 18.3-- .031 = =x .-

3 6 - x 18.3 x = =x- -

AVG. -



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILPITEC TEST # 9
ELEMENT # A1&391874
MEMBRANE SHEET # _ _)

MEMBRANE I.D. # 1674-9

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _9..__ 91 START-TIME: 1540
PRESSURE: _psi FINISH TIME: M040
FLOW RATE: 0.79- gpm ELAPSED TIME: . hr.
TEMPERATURE: COLLECTION TIME: 4.0 min.
FEED CONDUCTIVITY: .,QyD umbos
FEED pH: 7, Q DATA TAKEN BY: k.r.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 .4. 2.10 x I.3 = . Q,_A.z _S19 = 2. 6.

2 3 JR& 7-0 ZOx 8.3=JjQ = 3.0 . 69p "I

3 5 D~A. 2_ ±IL83 = MA+xQBdf M 31,9L .1Z5 .2.
AVG. B.l*. -IZ. .. 2.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:. QJ_ CONC.:. 10L -BUFFER:C4Na PH:_.A-&

IMMERSION IN BIOCIDE:.._92/2 91 REMOVAL FROM BIOCIDEtV"/91
TOTAL TIME IN BIOCIDE: -._DAYS

TEST DATE:Wrj/. 91 START TIME:
PRESSURE:_ _00 -psi FINISH TIME:
FLOW RATE: 0.70 ppm ELAPSED TIME:-1.o hr.
TEMPERATURE: 22,ik C-C COLLECTION TIME: .5.; min.
FEED CONDUCTIVITY: h61 0Q0umbos
FEED pH: 7.8 DATA TAKEN BY: t!.E.M.

CELL SAMPLE MLS MLSAMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 i L3 .20 2Lx2p . k 214.6 A 99.1

2 4 (&x L2~i83 - gx O2W 2. 4W 99,1
3 , S.7 •I.xi&3.Q. m 20.5 99o

AVG. 21 -ZI.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMr TEST # /0
ELEMENT # A1391974
MEMBRANE SHEET #9 /4
MEMBRANE I.D. # /874-ID

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ... _2/2j 91 START TIME: 120a
PRESSURE: _. upsl FINISH TIME: _
FLOW RATE: 0. I gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: .33 C COLLECTION TIME: 5:4 -min.
FEED CONDUCTIVITY: .5si _unahos
FEED pH: 8.O DATA TAKEN BY: KL.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umbos) (%)

1 1 9.1 I&L x 1i3 =.3.lx Q 8.0 Oo

2 3 .2 L.92 x 18.3 =,2&Lx QL2W 2%. 700.

3 5 .2 .8 xi13 = AL(x 09 26.3 "o 9..

AVG. .2.e.L .5. .21-2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:BlI3QL_. CONC.: 1 .BUFFER: m,1HacoapH: (Q.4

IMMERSION IN BIOCIDE:.2. 91 REMOVAL FROM BIOCIDE:LW/91
TOTAL TIME IN BIOCIDE: "70 DAYS

TEST DATE:/1./ / 91 START TIME: 1!45
PRESSURE:.____- psi FINISH TIME:
FLOW RATE: .pm ELAPSED TIME: 1. .. hr.
TEMPERATURE:_ .C COLLECTION TIME: &.1 -min.
FEED CONDUCTIVITY: *mhos
FEED pH: 1.A DATA TAKEN BY: e.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (ambho) (%)

1 2 x~. .LL318.sL~zQ2x .4A 9.5Q .8.
2 4 .L =zLilu.m 1o2 = 480 9% 1

A3 6 .12xiQ-= 18L _. ..

AVG. .I2LL- 2-3 -%.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLTEC. TEST # /
ELEMENT # A139 874
MEMBRANE SHEET # /2
MEMBRANE I.D. # 1874-/I

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: -2. 91 START TIME: l3a5
PRESSURE: si FINISH TIME: _ 5
FLOW RATE: gpm ELAPSED TIME: hhr.
TEMPERATURE: COLLECTION TIME: 4a min.
FEED CONDUCTIVITY: umbos
FEED pH: DATA TAKEN BY: f',L,

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 .2... j -i7 18.3 = MA-x 0LB. z.1 53 9

2 3 1-. .La x 1.3- .x Q = 0,S7 580 99.o

3 5 Tl fli x 18.3 - 9LS!x 0I., 21o-47 56 9

AVG. -_

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: L4L N CONC.:JOS&DF BUFFER: 4 I.tL qCa pH: .:Z1

IMMERSION IN BIOCIDE:.. J 91 REMOVAL FROM BIOCIDE'./5/91
TOTAL TIME IN BIOCIDE:_70QDAYS

TEST DATE:a/. 91 START TIME: 1310
PRESSURE: •. pi FINISH TIME: 1416
FLOW RATE T Zpm ELAPSED TIME:- I.0 hr.
TEMPERATURE:_ T . _--C COLLECTION TIME: 5".n rin.
FEED CONDUCTAV IT Y: 024M amhos

FEED pH: 7. DATA TAKEN BY: (IE.M.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
COR. CORR. (umhos) (%)

1 2 1#...2.. .. 50. . 7.
2 4 Ul-L 4 L83.Z~3 2.2~i 270.9..
3 f AA la- JJ..Ls3 2&.2 9 19.29 1&0 981

AVG. 1k 7Q



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLMTEO TEST # /2
ELEMENT # A1391874
MEMBRANE SHEET # /3
MEMBRANE I.D. # /874-/Z

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _94/._ 91 START TIME: 145
PRESSURE: nPsi FINISH TIME: 1'T4S
FLOW RATE: g -pm ELAPSED TIME: Q. hr.
TEMPERATURE: 3 a - COLLECTION TIME: 0 min.
FEED CONDUCTIVITY: =-Z=umhos
FEED pH: DATA TAKEN BY: k./.
CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION

COR. CORR. (umbho) (M)

1 1 lah x zL 13= =x 0.~ 29./1 W. 99.0

2 3 2-9 .L2L 18.3 = M, - . . ... ...
3 S xL .LI.z 83 - a**- QW W1Sd00 .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
.OMON ITRO -

BIOCIDE: gffi ijQL_CONC.: Q,!5 %...BUFFER: 1r/_Adjh pH:AD.

IMMERSION IN BIOCIDE:..22j 91 REMOVAL FROM BIOCIDE:I2/./91
TOTAL TIME IN BIOCIDE:-&J2.DAYS

TEST DATE'.5/ 91 START TIME: en)
PRESSURE: psi FINISH TIME: 0 _
FLOW RATE: :. wpm ELAPSED TIME: 1.92 hr.
TEMPERATURE: C COLLECTION TIME: 5.0 mln.
FEED CONDUCTIVITY:. Ihos
FEED pH: iS DATA TAKEN BY: .. E.ti

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 2 .. a x 18.3 = 1,0 152 7 963

2 4 a& Q&a8. 18.3 = JZMx = = 12.4 5_.

3 , 31 o. Lz @ 1.. 0 , 620

AVG..J .q- . . - .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: - FI.LMTF' TEST # /3
ELEMENT # Al-i3,B7
MEMBRANE SHEET # /4
MEMBRANE I.D. # /874-/S

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _.jiJ 91 START TIME: 0930
PRESSURE: psi FINISH TIME: /-4
FLOW RATE: 0.72 gpm ELAPSED TIME: /.0 hr.
TEMPERATURE: 2 C COLLECTION TIME: .0 min.
FEED CONDUCTIVITY: .0,j umhos
FEED pH: 7.7 DATA TAKEN BY: k.-.
CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 1 2,5 f-9 x 18.3 =.2ATiz A8 29.5 7.Q0. .7
2 3 .1 .8. x 18.3 - U--1x d8~ = . 20 9.7
3 5 .2-A .80 L&z83 - SM4xQ A :28.0 700Q.

AVG. .2Z&3 -2. .2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
OMON ITW -

BIOCIDE:ff >V_ 4L CONC.: 0...jj._BUFFER:_ I !N&H.Q H :...k. _

IMMERSION IN BIOCIDE:.2J-/I 91 REMOVAL FROM BIOCIDE:L//&/91
TOTAL TIME IN BIOCIDE:_Z7QDAYS

TEST DATE:49./I0/ 91 START TIME: 03
PRESSURE: ------ _- -- psi FINISH TIME: I
FLOW RATE: a I -Iva gpm ELAPSED TIME: .0 hr.
TEMPERATURE: E95-C COLLECTION TIME: Z0.0 -min.
FEED CONDUCTIVITY:..5k,...umhos
FEED pH: 78 DATA TAKEN BY: _._. .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 4-- z 18.3 =..x_ =- w 2.3)
2 4 .*3 0.7xl3u1.-j12x0 aoA,= 12. .6/0 .1

AVG. .3.L. .. s



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FilM7EC. TEST # 14
ELEMENT # Al-39/874
MEMBRANE SHEET # 15
MEMBRANE I.D. # 187-4-1

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .2.J/. 91 START TIME: /L00
PRESSURE: Rlnp psi FINISH TIME: 126
FLOW RATE: 0. gpm ELAPSED TIME: hhr.
TEMPERATURE: C COLLECTION TIME: 5. m min.
FEED CONDUCTIVITY: OA= umhos
FEED pH: 7.7 DATA TAKEN BY:

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 . 1. 90 x18.3 = 4J2x 4 29.2 52 0 99.1

2 3 .4 .Lo x 18.3 = a4ij2x 0 = 29.9 5.wQ .2)9.
3 5 94 L98 , 18.3 = Q,4.__ 0 = -zo 99.1

AVG. 22A .537 ..37

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BI~qotON rITO-

BIOCIDE:.MQ APfNEbLb CONC.: Q,1 BUFFER: jAI 0,._pH:...k _

IMMERSION IN BIOCIDE:../Z7 91 REMOVAL FROM BIOCIDE:&//91
TOTAL TIME IN BIOCIDE:... DAYS

TEST DATE:a/k/ 91 START TIME: 1405
PRESSURE:.---am ,psi FINISH TIME:
FLOW RATE: .'72 .pm ELAPSED TIME: I, -hr.
TEMPERATURE: / - C COLLECTION TIME: 5.0. min.
FEED CONDUCTIVITY: umbos
FEED pH: 78 DATA TAKEN BY: _._.______

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 A-4 -. x 18.3 = =x ' = 2--'- __"-"

2 4 -4-! .2 x 18.3 = ijh&x DM~ 1= Jk.. 1400Q. 97.6
3 6 A.. off x 18.3 = 0.97 1. 7A.0 25..

AVG. ..k,2. .10.79 .2...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FMTEv TEST # /57
ELEMENT # A/39/874
MEMBRANE SHEET # /t,
MEMBRANE I.D. # - 18T4-/

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 2..j-L 91 START TIME: 14ZO
PRESSURE: Spos FINISH TIME: 1520
FLOW RATE: 9.Agig pm ELAPSED TIME: L.Q hr.
TEMPERATURE: 35 C COLLECTION TIME: -. b min.
FEED CONDUCTIVITY: .=,Q2_umhos
FEED pH: 7.7 DATA TAKEN BY: K.

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (unahos) (%)

1 1 .2 v. x &3 =- .o 28.3 .WO .

2 3 92. .~ x 18.3 = Zi xL~ 0. 2g~ L- :0 99.1

3 S JL2 1.76 x 1&3 = V.67x ..A 2-1. 1620 98-.

AVG. lft&' JAJ$7

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
CETyRiM IAEtOHIUM

BIOCIDE:p oaONC.: BUFFER: Li2I UA) pH: Z _

IMMERSION IN BIOCIDE:_...//91 REMOVAL FROM BIOCIDE:12/291
TOTAL TIME IN BIOCIDE: _7pDAYS

TEST DATE:I2/ 91 START TIME: 0906
PRESSURE:---_ qop psi FINISH T I ME:
FLOW RATE E::. 3,,lgo 2pm ELAPSED TIME: 1.0 hr.
TEMPERATURE:_.Z,___ C COLLECTION TIME: -5.Q min.
FEED CONDUCTIVITY:,4u46 hos
FEED pH: &-7 DATA TAKEN BY: A.V.t'.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 x -Z1839x a 96i~ I~w .96.

2 4 2. 6 .Q z I1& - .1x w. 9.1 7 98.1

3 A 2A --- x 1&3 =.L - 8 97 ...

AVG. -..?L.. 15. -270



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER- li? IE6C TEST # Ito
ELEMENT # A139li 74
MEMBRANE SHEET # 17
MEMBRANE I.D. # /874-/l

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 9___ / 91 START TIME: /5_5
PRESSURE: _ _ _ _ psi FINISH TIME: 5"
FLOW RATE: - - gpm ELAPSED TIME: .o hr.
TEMPERATURE: 5C COLLECTION TIME: 5. 0 min.
FEED CONDUCTIVITY: .gnhoo.umhos
FEED pH: Z& DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 .2 L~k_ x 18.3 =, MbAx a.S = 28-46 77098.

2 3 1.~ LE& x 18.3 = ,3_b4x .QM~ 29= Asin W,

3 5 1.94 x 18.3 =2 x = 28. po

AVG..2. .f .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
C.TrYrR I't M#O4 AtiM ,

BIOCIDE: I .M - ONC.: Q.L -BUFFER: a I.M pH:. & _

IMMERSION IN BIOCIDE: .92i9 9i REMOVAL FROM BIOCIDE:1Z/291
TOTAL TIME IN BIOCIDE:.7(pDAYS

TEST DATE:.../ 91 START TIME: 1
PRESSURE: ---- psi FINISH TIME:
FLOW RATE: Q.v spm ELAPSED TIME: hr.
TEMPERATURE:_. C COLLECTION TIME: min.
FEED CONDUCTIVITY:. ,.umhos
FEED pH:.. 8.2 DATA TAKEN BY: A. .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 4- Q x1.32- 9.- -0- .. 0=

2 4 AJ 1113 x 18.3 9= 9 , = 9_ _2 97-9

3 6 Q 4W- x 18.3 = 824x 0,8 = .&L L. U00 96.0

A VG. 6 4 ... J55.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FrLTEa TEST # 17
ELEMENT # Al391R74
MEMBRANE SHEET # .....a__
MEMBRANE I.D. # /7- I 7

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _..2JJ 91 START TIME: 0826
PRESSURE: _ _ _ -psi FINISH TIME: Z)92
FLOW RATk: 0. 67 gpm ELAPSED TIME: L Q hr.
TEMPERATURE: 32 C COLLECTION TIME: Q. a% min.
FEED CONDUCTIVITY: ._ .. umhos DATA TAKEN BY: A.V. L.
FEED pH: 7.1 1___DATKN__...

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 22, Z j. Mx 13 3j 08F = 291 s 9

2 3 ... i L&e x 18.3 = M.x QB. = Z.9 £.LQ. 98

3 5 L134-IM. x 18.3 =Zjax D.8 = 2Ae. 4p 50 .

AVG. 29.7. .M-.1

MEMBRANE TES I DATA AFTER BIOCIDE EXPOSURE
.E'TYT1Rt P4 T4At'%t4OWI|UIVo""

BIOCIDE:Xl-TQW.EN6E 6960AW C.: -BUFFER: BhjoI/0.H3 PHl:

IMMERSION IN BIOCIDE:_..9J2Z/ 91 REMOVAL FROM BIOCIDE:ja/jj/91
TOTAL TIME IN BIOCIDE:_".LifDAYS

TEST DATE:2/L./ 91 START TIME: 105e
PRESSURE: psI FINISH TIME:
FLOW RATE: 0.70 gpm ELAPSED TIME: W:- hr.
TEMPERATURE: C_ COLLECTION TIME: • min.
FEED CONDUCTIVITY:= Mrumhos
FEED pH: 7.7 DATA TAKEN BY: C.E.M.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 UP O x 18.3 =. x 0270 = 9.2 120097.

2 4 Z.. Q&4 x 18.3 = _ 2& o= D" 9.(p 9, 98.3

3 6 2.1IV 0,%x 18.3 - 2.x ,9V. .... ... 9_,



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILIMT-EQ TEST # 19
ELEMENT # A1319067 (2.5"ELM'i'/J
MEMBRANE SHEET # 90t07-18,
MEMBRANE I.D. # 90&7-/9

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _.221/ 91 START TIME: 097
PRESSURE: _______ psi FINISH TIME: /O7
FLOW RATE: 6.o9 gpm ELAPSED TIME: /_ -hr.
TEMPERATURE: _S2.5 C COLLECTION TIME: n.0 min.
FEED CONDUCTIVITY: 5.5flQ umhos
FEED pH: - 7.7 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 -2L L 54 x 18.3 0 8tx L4i 23A .2LQ.. 98.7

2 3 ..&5 i2.0 x 18.3 =.2ALx 0Q134 = b- 700. 961p
3 5 _8_Z2... p .L .x 18.3= .Dxa1 =W 2.5 ASOQ 99,

AVG. ...:. .A.ll. -?.I.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: i.tLt_3Q CONC.: Q.°o -BUFFER:-.,1HCO3 pH:s- 4.

IMMERSION IN BIOCIDE:._2J2/ 91 REMOVAL FROM BIOCIDE:i/JJ./91
TOTAL TIME IN BIOCIDE:..5.DAYS

TEST DATE:j/IZ./ 91 START TIME: Km_
PRESSURE: -0___. psi FINISH TIME: 1509
FLOW RATE: 0-.7- _pm ELAPSED TIME: 1.05 hr.
TEMPERATURE:_ C COLLECTION TIME: m.0 min.
FEED CONDUCTIVITY:.5.,..umhos
FEED pH: 7.7 DATA TAKEN BY:_ _.-_

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 5.2 1.o4 x 18.3 = A2- O . - By 98.0
2 4 6.5 1!O 18.3 = 2lx k.Q2= 19.5 120 97.

3 6 5,5 J& x 18.3. I.40x 0.970 = 1 500 9.1

AVG. ..6'..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: F7Ltrrm TEST # 21

ELEMENT # AI31900' (2.6"5LFMEAPrJ
MEMBRANE SHEET # 90o,7-2B
MEMBRANE I.D. # 9o&_-__

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .2/2 j 91 START TIME: 1240
PRESSURE: ADO _ psi FINISH TIME: 1340
FLOW RATE: 0,k% gpm ELAPSED TIME: .0 hr.
TEMPERATURE: C COLLECTION TIME: -5. min.
FEED CONDUCTIVITY: 52 1 =umhos
FEED pH: 77 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 52. 4 x 18.3 = Zjjix QQ. = 2.. q..22Q..

A 3 ... L&4 x 18.3 = 30.01 x., = Z5 5(00 99.1

_9j f.L 41Z x 18.3 = Vkm'x .. A = 24. 105 9.
AVG. .k... . .M,2.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: Siz:E CONC.: 0.l/g BUFFER:H! 'jA 0 pH:_

IMMERSION IN BIOCIDE:..2j25 91 REMOVAL FROM BIOCIDE:/./L/91
TOTAL TIME IN BIOCIDE:7j.jDAYS

TEST DATE:WJ2I 91 START TIME: O92
PRESSURE: &70 psi FINISH TIME: lp,25
FLOW RATE: : , p epm ELAPSED TIME: 1.0 hr.
TEMPERATURE:__-_ C COLLECTION TIME: : .0 mln.
FEED CONDUCTIVITY: .. umhos
FEED pH: Aga DATA TAKEN BY: A.V.D.L.
CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 lA Ilk x lS.. .21,&, x = 24.9 law 9163

2 4 1L5.L L2& z 18.3 - 2agz .W 23Z.1 1 97,

3 6 (01 1.x,18.3 .,,.o L02= ? 910 98.3

AVG...-,.A- J..7. ..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILM 'gcr TEST #
ELEMENT # A131,go (z. ' ELEME01r)

MEMBRANE SHEET # 9go&7-35
MEMBRANE I.D. # 90t&"7- 2

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: -..9 / 91 START TIME: al)IO
PRESSURE: pm sI FINISH TIME: 0P0
FLOW RATE: 0. -e gpm ELAPSED TIME: 1. 2 hr.
TEMPERATURE: 32 C COLLECTION TIME: A. min.
FEED CONDUCTIVITY: 1aQ .umos
FEED pH: 7.7 DATA TAKEN BY: .77

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (%)

1 1 7./ 1.A42 x 18.3 =!._ _x 09 = 22.1 780 96.7

2 3 7.7 .4 x 18.3 =2Djx Q. 23- 9 72.o

3 5 & .~e x 18.3 0,~x2il 24. 513

AVG. . l . .7....

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: B-FaloffgI _CONC.: 0112 BUFFER: He-.|!Ao4L t- pH:- 5,95.

IMMERSION IN BIOCIDE:.. 2 / 91 REMOVAL FROM BIOCIDE:Z/13/91
TOTAL TIME IN BIOCIDE:.712DAYS

TEST DATE:WJ13 91 START TIME: 46
PRESSURE: - POO . psi FINISH TIME:E
FLOW RATE : . 099pm ELAPSED TIME: .:hr.
TEMPERATURE: 2 _ C COLLECTION TIME: . Min.
FEED CONDUCTIVITY: 00 uhos
FEED pH: 8. DATA TAKEN BY: A.V.D-.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 -59G J.L x 18.3 -ZL ~xQM .1. 22M 9.#..

2 4 06 J~jQ. x 18.3 = DJx &0 9.8~.. .IZ ...2

3 6 .kQ. .2Q0 x 18.3 -2Lx OJES. 1.6L 94,t

AVG. -Ael-. .5a2..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: fILtTEn TEST # 25
ELEMENT # A 1319o7 (z.6"ELEmEtrr)
MEMBRANE SHEET # goeo7-45
MEMBRANE I.D. # 9t7-2

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .. .2 2/ 91 START TIME: .. /5
PRESSURE: _ _ _ psi FINISH TIME: 1215
FLOW RATE: o.io9 gpm ELAPSED TIME: i.o hr.
TEMPERATURE: 33 C COLLECTION TIME: 5'. mln.
FEED CONDUCTIVITY: J.p=umhos
FEED pHl: 7.7 'DATA TAKEN BY: KT

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 . L 14.0 x 18.3 = .ZIix OQe4 = 241 oo 99.

2 3 2. 1.& x 18.3 = W.x % = 24.0 99.1

3 5 7.9 J&L x 18.3 =ZtLax 0. = 4 .2Lc& 9.0~

AVG. . .72. 9.o

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: 190TA CONC.: Q 0f% BUFFER: jI.La. _( pH: &.

IMMERSION IN BIOCIDE:.2j..]' 91 REMOVAL FROM BIOCIDE:./a3/91
TOTAL TIME IN BIOCIDE:_"T2_DAYS

TEST DATE:11JV, 91 START TIME: 121
PRESSURE:- - 8 -- psi FINISH TIME:_1355
FLOW RATE: 0.1m rpm ELAPSED TIME: 1.0 hr.
TEMPERATURE:. /,-C COLLECTION TIME: 50 min.
FEED CONDUCTIVITY:. 0W ._umhos
FEED pH: 8.3 DATA TAKEN BY: A.D.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 2 52 v .18.3 Zx Q= ..-..2. .. 2... .....
2 4 5_9 I Lx 18.3 ff& .~ &WMOS& 9

3 6 5A-L I=02 x 18.3 - 1jklz 0,911D - .1~ 540Q. . 1Q
AVG. .i2Li .. ".M 8..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLMEE- TEST # 27
ELEMENT # A 39067 (2.25 U"C.larm )
MEMBRANE SHEET # 90o7- 58
MEMBRANE I.D. # 967_-27

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: i_.41J 91 START TIME: 1400
PRESSURE: BOO psi FINISH TIME: I5sij
FLOW RATE: 0. (. gpm ELAPSED TIME: _ .2 _ hr.
TEMPERATURE: _ _ _ C COLLECTION TIME: .5 0 -min.
FEED CONDUCTIVITY: [ DATATumAos
FEED pH: DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 iL 1.152 x 18.3= =1 = o2x60 Q 4 .2544 '710 9.

2 3 22. 1-6 x 18.3 = Zj.-Ix 0,100 = 24.3. IS 9i7.

3 5 j&2.. 1.&4.. x 18.3 = lkO.Oi1x 0.94 = 25.2 16 91
AVG..-2,1 .70_5 .. g

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: E= CONC.: 0- % -BUFFER: E/Q -l&.Qm pH:

IMMERSION IN BIOCIDE:.._2_&.W 91 REMOVAL FROM BIOCIDE:L/V/f91
TOTAL TIME IN BIOCIDE: .Z DAYS

TEST DATE:L2/./ 91 START TIME: 1915
PRESSURE: & psi FINISH TIME: 111l
FLOW RATE: E:... pm ELAPSED TIME: I.Q hr.
TEMPERATURE: -5_ C COLLECTION TIME: H- min.
FEED CONDUCTIVITY: .umhos
FEED pH: 7.8 DATA TAKEN BY: A.V.t.L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 Jo. I.W x 18.3 = .x .01 = 4.04gO 99.2

2 4 9.7 1.21 x 18.3 -Z.x J.SL 2.4 940 s.a
3 6 j.Q i2 xs-.3 x 1,01_- 23.1 440

AVG. ..--



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: -. FILTEe- TEST # 29
ELEMENT # AIsl9oW1 (2.S"ELuEmEr)
MEMBRANE SHEET # 9o7-615
MEMBRANE I.D. # 9067-2,,

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .22j91 START TIM: 0805
PRESSURE: "- psi FINISH TIME: 109no
FLOW RATE: o09gpm ELAPSED TIME: /.0 hr.
TEMPERATURE: 32.5 C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY: .gLa. umhos
FEED pH: 7.9 DATA TAKEN BY: K.T.

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 ..... L-651 x 18.3 = Zgfx 0J.945 = .1~ 182D 96.

2 3 .I2. Ija x 18.3 = ^A*.Olx 0,4 = 2S. 910. 98.6

3 s i I x 18.3 = a.Mx Q = 25.7 7409.
AVG..-.. .7: . ..2 .7

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: EDTA CONC.: 0.0 % BUFFER: .I/kel".pH:3 pn:-.25

IMMERSION IN BIOCIDE:/2J 91 REMOVAL FROM BIOCIDE:a/&/91
TOTAL TIME IN BIOCIDE.. .l. DAYS

TEST DATE:IL]/ 91 START TIME: 1300
PRESSURE:___ _____ PSI FINISH TIME: #1A
FLOW RATE:-- 0.7 pm ELAPSED TIME: 1.0 hr.
TEMPERATURE:TUE25,C COLLECTION TIME: 7.0 -mn.
FEED CONDUCTIVITY: 5!L.-umhos
FEED pH: 7.8a DATA TAKEN BY: A.V.[,L.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 ILL 124 , 1.3 =a& .zQ 22.8 7100 98o

2 4 _A LQ x 18.3. 2ftQM 21.6 100 9A9

3 6 _8A .LW- x 18.3 - 21-%x aP.5 21= .. 470e.. 99.0



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiLM'EQ TEST # -4
ELEMENT # Al3Ie722 (2. "6 i 4m mmmr)
MEMBRANE SHEET # a7'22--9T"
MEMBRANE I.D. # 9-127-S4

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: .. _J2(J 91 START TIME: I
PRESSURE: .F .si FINISH TIME: 1160W)
FLOW 1kATE: 0. &3 gpm ELAPSED TIME: _ ._ hr.
TEMPERATURE: 32. -C COLLECTION TIME: -.'L min.
FEED CONDUCTIVITY: (aQ _Ltumhos
FEED pH: -7.2 DATA TAKEN BY:

CELL SAMPLE MILS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 ~. 142x 18.3=dai = "x a6 7.. .S02

2 3 1.542 1x18.3= L~ = Z&..0.23.' 470.. .
3 5 ......_J x 18.3 = W ,, 5_x= a. .- / 9 .

AV G. 24... -..k .m1d.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
60DIum SSNZOATE

BIOCIDE: EDTA (60: !) CONC.: 0. 5 o BUFFER: UCs ildc'O, pH:

IMMERSION IN BIOCIDE:.. IQL 91 REMOVAL FROM BIOCIDE:Laj&/I91
TOTAL TIME IN BIOCIDE:_ DAYS

TEST DATE:I.fL/ 91 START TIME: 0=
PRESSURE: psi FINISH TIME: 1000
FLOW RATE: 0.72 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 25.0 C COLLECTION TIME: 70 min.
FEED CONDUCTIVITY:3OW._mhos
FEED pH: 7.86 DATA TAKEN BY:

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 j63--L0 jx 18.3 -&jQ ZL-Ax A- -1842 9.

2* 4 BaL .J-.&~x 18.3 =ZiV-xj -- .2L~ 480... .1~

3 6 &Q. ±14. x 1. = ?&.x 1.0 . 440 99.2

AVG. -J:..... 447



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FalMTeCT. TEST # -"
ELEMENT # A31 0722 (2.S ELEMEIr
MEMBRANE SHEET # 6"722-9a
MEMBRANE I.D. # A-72.2 -

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: _,_/2.__ 91 START TIME: i150
PRESSURE: ¢ -psi FINISH TIME:
FLOW RATE: Q.20 gpm ELAPSED TIME: . hr.
TEMPERATURE: 3a C COLLECTION TIME: 0 min.
FEED CONDUCTIVITY: (.4C. .. umhos
FEED pH: 72 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I I -1k.2 'x 18.3 = :.x .Q04 ___ ..
2 3 7.7 .tL541 x 1&3 =2&L = .222 8o

3 S _.2 . x 18.3 = 2& o.e,4 : Z4.0 &20

AVG. --12 .kA.O -. 2

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
60DI111 EN7ZOATE

BIOCIDE:ETA ( O WCONC.:0.0.QLQ%. -BUFFER: /Lk /A/&% /c. pH: 9Q.

IMMERSION IN BIOCIDE:.gJ./,j 91 REMOVAL FROM BIOCIDE:12/LV9I
TOTAL TIME IN BIOCIDE: 75 DAYS

TEST DATE:/IV.V 91 START TIME: 1225
PRESSURE: _ ps FINISH TIME: 1522
FLOW RATE: TE7 pm ELAPSED TIME: 1.0 hr.
TEMPER ATURE: 22. C COLLECTION TIME: 7.0. mln.
FEED CONDUCTIVITY: 15 umhos
FEED pH: 7.45 DATA TAKEN BY: K.T.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 4 a. .7_ x 1&8.3- .2Ax JQQ. - 2." 420 99 "

' 4 m . w asvm.-- x o . 21. ... 0 -9, 1

AVG. _712-.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMT- TEST # S
ELEMENT # 4I?~9 722 (2.5"ELEMewr)
MEMBRANE SHEET # s-nz-tor
MEMBRANE I.D. # -722-D

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: Z.21/ 91 START TIME: 1:420
PRESSURE: psi FINISH TIME: f42"
FLOW RATE: O.&R gpm ELAPSED TIME: I. Q _hr.
TEMPERATURE: _ _ -C COLLECTION TIME: '. 0 min.
FEED CONDUCTIVITY: lnO _umhos
FEED pH: "1.1 -- DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

I 1 .3 - _=.f---x &fo = - "--

2 3 .. &O L x 18.3 =- 2V' Q&AP = 24.. 63 9.

3 5 7-9. J,5-9x 18.3 = Z&%' P&IP = 24, &.C20~ 2.0
AVG. -4. ML.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE:_ffjT& '':_Cg2.L.CONC.: Q,.)Q°/ BUFFER:dCAIAf/'/, PH: 5

IMMERSION IN BIOCIDE:0LJ-_ 91 REMOVAL FROM BIOCIDE:12/r/91
TOTAL TIME IN BIOCIDE:- DAYS

TEST DATE:LZL/ 91 START TIME:- 202.
PRESSURE: am psi FINISH TIME: 212-
FLOW RATE: 0.10 pm ELAPSED TIME: 1.0 hr.
TEMPERATURE: ZE.. 2 C COLLECTION TIME: r.13 min.
FEED CONDUCTIVITY: .. 00_umhos
FEED pH: 745 DATA TAKEN BY, K.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 j 1.21I x 18.3 - .Jx .L. .224 sip 9%~L

2 4 . .&- x 18.3 .Z - .aL&"_ 2 420 99.2

3v x 183 -2.AIx -4 ,I...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: /LMTEr TEST # - 7
ELEMENT # AII n722 (2Z5" EiglEkrrjo
MEMBRANE SHEET # 7m- aR
MEMBRANE I.D. # _ '__- _-7

CONTROL MEMBRANE TEST DATA BEFQRE BIOCIDE EXPOSURE

TEST DATE: .9/27/ 91 START TIME:
PRESSURE: .sI FINISH TIME: . 901p
FLOW R ATE: ).'o7 gpm ELAPSED TIME: . h r.
TEMPERATURE: .. 2 C COLLECTION TIME: -min.
FEED CONDUCTIVITY: 24cey.umhos
FEED pH: .. A DATA TAKEN BY: A V. .

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 .&L 1--(a x 18.3 = W2Jx ahB) = = - _3 M

2 3 .T2. 154' 18.3 =U2~dj QA = Z3,1 WkL.. 922

3 s Jie xj z 183 =21ax $C = ZloJ 52o 99.1
AVG...241, &Z-.- ..22-d.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:. lE CONC.: 3.0 %9_BUFFER:j ff 1A/4.ygO4pH:a

IMMERSION IN BIOCIDE:JJ/ 91 REMOVAL FROM BIOCIDE:slIjf/9
TOTAL TIME IN BIOCIDE: .7 DAYS

TEST DATE:W/I& 91 START TIME: 0960
PRESSURE:: psi FINISH TIME: l0o
FLOW RATE: 0.7 - pm ELAPSED TIME: I. hr.
TEMPERATURE: 5.0C COLLECTION TIME: -- rain.
FEED CONDUCTIVITY: fAQ umhos
FEED pH: 7.7 DATA TAKEN BY: C..E.M.

CELL SAMPLE MLS MLS/NMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .L Q. x 18.3 = LJQ.x I=0 - 1.1 ft
2' 4 2 . vz 18.3.I IO .8. .-
3 .L.. x~ 183=JAQ...1.1 815



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMATc- TEST # AR
ELEMENT # A!18722 (2.5" ELEMEfr)
MEMBRANE SHEET # j7z2- 1r
MEMBRANE I.D. # _ _22-__

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ..222/ 91 START TIME: . t3O
PRESSURE: 8 psi FINISH TIME: nIlo
FLOW ItATE: O.(oi7 gpm ELAPSED TIME: Lo hr.
TEMPERATURE: B2.5 C COLLECTION TIME: -m ,in.
FEED CONDUCTIVITY: !5%,000 umhos
FEED pH: 7. 0 DATA TAKEN B A- k/. P, L.

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 _.&L J&._ x 18.3 = 22&5x &050 = 25.2 5Q0 9.21

2 3 19 .L.fi x 18.3 = 25&x .W0 = 24to 130 .

3 5 ~ LZ.x 18.3 = %11&x 0L. -=- 2.21W-
AVG. .11: -.0. ..

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:QLIYj..fAALIONC.: J,. %_ BUFFER:C./A'. i4LpH:

IMMERSION IN BIOCIDE:JQI/14. 91 REMOVAL FROM BIOCIDE:L /jf/9I
TOTAL TIME IN BIOCIDE: 7l.DAYS

TEST DATE:L/98/ 91 START TIME: 1261)
PRESSURE: _______psi FINISH TIME:
FLOW RATE: 0.6aB wpm ELAPSED TIME:__. hr.
TEMPERATURE:.. COLLECTION TIME: 20 rin.
FEED CONDUCTIVITY: G.%QQQ umhos
FEED pH: 71 DATA TAKEN BY: C.E,M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 . DilO x 18.3 ,, .__ Q9 8 2 .2."
2 4 52. -.... 18.3 .2.a. 5..

3 6 %kQ. DJS~ x 18.3 ZMix 0,25=...~..

AVG.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMT'e TEST # 32
ELEMENT # A131 8'7Z2 (2S " IEMEWTr-
MEMBRANE SHEET # 8722- 111
MEMBRANE I.D. # 87m- 3

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: ..3_/I 91 START TIME: l0IS"
PRESSURE: _sI FINISH TIME: /2Q,_-C

FLOW IiATE: Q..T7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: -.. C COLLECTION TIME: G. Q rain.
FEED CONDUCTIVITY 41L .umhos
FEED pH: DATA TAKEN BY:.

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 lL. LIx 18.3 =Zl~ 21,&~ = 23. -5w 9~.

.3 15&. x 18.3 = .. 0 29.2

3 5 224 ..LB x 18.3 =:M6.9Ilx =,-6 .24f.& I29

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIE:6 . 3 .D£brkfCONC.: o f&BUFFER:. &Q.// /-,/-/5O
,,.,',DE. /1T/-1(2 Oj /pH:1._.

IMMERSION IN BIOCIDE: 0j ./ 91 REMOVAL FROM BIOCIDE:L..&/91
TOTAL TIME IN BIOCIDE:_7ffDAYS

TEST DATE:.ff./. 91 START TIME: 15-0
PRESSURE:_____s psi FINISH TIME:
FLOW RATE: . .6 rpm ELAPSED TIME: hr.
TEMPER ATURE... ,_:N _-C COLLECTION TIME: 5 min.
FEED CONDUCTIVITY:.50 umhos
FEED pH: 177 DATA TAKEN BY: 0I...M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GF) COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 4..0 a. .,.... . ..

2' 4 4.0 & 2x 18.3 -4,14xO~ A2S 4,9&W .a

3 6 W-2k x 18.3 4.39 x 0,4. 14 .5

AVG. Al...



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILwmrer, TEST # 40
ELEMENT # A-1=6"1z2 (2.5 "LEMnATr)
MEMBRANE SHEET # R72-r12r
MEMBRANE I.D. # g72z-40

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .. /2jZ/ 91 START TIME: /2s
PRESSURE: ROD psi FINISH TIME: I25
FLOW IiATE: 0.o gpm ELAPSED TIME: L-') hr.
TEMPERATURE: 3 C COLLECTION TIME: m. ain.
FEED CONDUCTIVITY: 0. 0umhos
FEED pH: 7.1 DATA TAKEN BY: A,VD. L.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

I 1 . 5 x 18.3 = Q I. Q = 0.24,o 4

2 3 -22 1,5B x 18.3 = 21x 0-046 = .3~ __ 92

3 5 LSx 183 =.3=_aft = 24.0 ITA.4 99.

AVG. 2.4,1. .5.7. ...

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
sOblum eISUl.fV-/

BIOCIDE:.r.I L_.CONC.: 1 Q=Q_ .0 BUFFER:14s.!/ AC ,pH: _7,1

IMMERSION IN BIOCIDE:IOJ 91 REMOVAL FROM BIOCIDE:L-/7t//91
TOTAL TIME IN BIOCIDE: '7&_DAYS

TEST DATE:lZ/t2I 91 START TIME: 154
PRESSURE:, .. psi FINISH TIME: I
FLOW RATE: CLADgpm ELAPSED TIME: hr.
TEMPERATURE: 25. ___C COLLECTION TIME. -min.
FEED CONDUCTIVITY: 5unmhos
FEED pH: 7 , DATA TAKEN BY: e.E.M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 7.. .44 x J3 = L = 5 V90Q

2 4 7.0 x1s.3= jl. 5,&i 9.& 1..
3 6 . L42 x 18.3 2522 1.. Z .247Q .Z9..8

AVG. I



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTrE*C TEST #
ELEMENT # A131A'722
MEMBRANE SHEET # a-22-17
MEMBRANE I.D. # p322-60

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .IJJJ 91 START TIME: 09&5
PRESSURE: 5 PSI FINISH TIME: 625
FLOW RATE: 7 . gpm ELAPSED TIME: I.n hr.
TEMPERATURE: -51 C COLLECTION TIME: '.' -min.
FEED CONDJCTIVITY: (atCt2.._umhos
FEED pH: -4 DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 T&. .~ x 18.3 = ZLB.X Q9 = .22.1 ..51 9.

2 3 J&. i5Z x 18.3 = 2x a-79 = 2Z.1 %.4~

3 5 -7. 1-416 x 18.3 = 2,M2x 625 21 2 52o
AVG. IZI&. A...

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE: Cq'ONM.- CONC.: h A UFFER: &A tom pH: 6

IMMERSION IN BIOCIDE:IQJIJ. 91 REMOVAL FROM BIOCIDE:ZfWG91
TOTAL TIME IN BIOCIDE:7jQ._DAYS

TEST DATE:f= 91 START TIME:
PRESSURE: U AM psI FINISH TIME:
FLOW RAT :.7 gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: C COLLECTION TIME: 6. D min.
FEED CONDUCTIVITY:_5. ; ._umhos
FEED pH: 7 - DATA TAKEN BY: _.E..

CELL SAMPLE MLS MIS/MN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

I 1 92- J,24Ax1s.3 - ZZL 1= 23.1 &0 9.
2 4 &2.. LL&.x18L3 -2J.2 = ... Q .590 C).92
3 6 1.2 1 .LL3 a 2A~x J. Z .22_0 5L0 %.[

AVG. 2 1 . a7.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMrETc TEST # .51..
ELEMENT # A1918722
MEMBRANE SHEET # 9722-iA
MEMBRANE I.D. # g727- s

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .IQ 91 START TIME: 10st
PRESSURE: -A .. ps1 FINISH TIME:
FLOW RATE: f .(a 9gpm ELAPSED TIME: 1.? hr.
TEMPERATURE: 2 C COLLECTION TIME: . -. mn.
FEED CONDUCTIVITY: &I,.q.umhos
FEED pH: _ 1.4- DATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR (umos) (M)

1 1 7.5 L ,18.3 = 22 = _0___5 &09

2 3 _L2_ 1.44z 1&.3 =&._-_-_- o. = 2t. 1 00 . 9

3 5 7.5 1..50 x18.3 = "._4_xQ = 2L._ !52 w.

AVG. 20,' &.Q2. .,aaO

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: P JNr(L CONC.: b!A BUFFER: N,ApH:

IMMERSION IN BIOCIDE:J ./_I1 91 REMOVAL FROM BIOCIDE:JJ1.91
TOTAL TIME IN BIOCIDE: 8 DAYS

TEST DATE:.L/.7 91 START TIME: 1335
PRESSURE: a0. psi FINISH TIME:
FLOW RATE: Q7 -Pm ELAPSED TIME: TO hr.
TEMPERATURE: .___ __C COLLECTION TIME: -min.
FEED CONDUCTIVITY: 5,gOWumhos
FEED pH: 77 DATA TAKEN BY: K.
CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION

CORR. CORR. (umhos) (%)

1 2 Ia.3  LZ~k x18.3 ZL~OQ. la 1.. .k0. 9.0.
2 4 I&_ LW x 18.3 -=. x _Q = 2S. L3 540 9..
3 , l 2  LZ4. x 18.3 =22t z _OA0_ -22,7 .58. 9._0

AVG..213,.1.. ,,2. .2&0..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # 52

ELEMENT # Ai31g2
MEMBRANE SHEET # R"722-19
MEMBRANE I.D. # i2Z--52

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 101._/ 91 START TIME: /
PRESSURE: psi FINISH TIME:
FLOW RATE: 0.7 gpm ELAPSED TIME: 1-3 hr.
TEMPERATURE: __ _ C COLLECTION TIME: &-A) mln.
FEED CONDTJCTIVITY: 6 1 ,q...._umhos
FEED pH: 7,4 DATA TAKEN BY: .

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 2 .L x 18.3 = 25i QHp 21. 90 9.

2 3 _ AJ x 18.3 =2"x 016 2.& 19-o. = . 1 .
3 5 D.f_ 1,A2 x 18.3 = 2&,U Q,-lp5~L 2ot 5& 9592.

AVG. 2 .2. k.(a. M.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: CoIDTK121- CONC.: blA BUFFER: _ h pH:..7,.0

IMMERSION IN BIOCIDE:_.L./L 91 REMOVAL FROM BIOCIDE:.JJ../91
TOTAL TIME IN BIOCIDE:-B&.DAYS

TEST DATE:J/.Z/ 91 START TIME: 1455
PRESSURE:.1 psi FINISH TIME: I10l_5
FLOW RATE: . 9pm ELAPSED TIME: I. ' hr.
TEMPERATURE:_ 22 -C COLLECTION TIME: E Q. m rain.

FEED CONDUCTIVITY:fumhos
FEED pH: Z77 DATA TAKEN BY: L.' j

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 . .L, A 1.3 4.x = .. 24.. .o.. .. L

2 4 kfi 1,2A 183 - Z,&2 =W 22I.7 kls g.

3 6 ~A .L&x 18.3 =Z31Zx .00 .4. 490 99

AVG. .d±2. 1Z 2a



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: fIl- '.1 TEST # 47
ELEMENT # AIJ19722 (2.5"E-CHWM.J)
MEMBRANE SHEET # R72z-1058
MEMBRANE I.D. # 872z-47

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: I..//_91 START TIME: O)2O
PRESSURE, _psi FINISH TIME:
FLOW IkATE: .&a gpm ELAPSED TIME: I.63 hr.
TEMPERATURE: 32 C COLLECTION TIME: l../) rin.
FEED CONDUCTIVITY: :4I.,Q.__umhos
FEED pH: 7.6 bATA TAKEN BY:

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 -7.4 _L4O x 18.3 = .27L0&x Q = 25. 78098.7

S 3 "7.9 1.Jx 18.3 =ZLx /)- z4.6,, 510 99.2

3 s -7.7 1.54 x 18.3 = Ojfix = 25.9 /.. 98.9
AVG....,. _. . .

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:_5 U.C-&djLI CONC.: o.2%_ BUFFER: 14Cj.A14, goog PH:_

IMMERSION IN BIOCIDE:.jf// 91 REMOVAL FROM BIOCIDE:L/.&./91
TOTAL TIME IN BIOCIDE:..A9 jDAYS

TEST DATE:Jjd. 91 START TIME: 102D
PRESSURE:- ... ps FINISH TIME: 1120
FLOW RATE: pgpm ELAPSED TIME: I.'D. hr.
TEMPERATURE:___ - ... __C COLLECTION TIME: . ,min.
FEED CONDUCTIVITY:._lumhos
FEED pH: 7.10 DATA TAKEN BY: .

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 52 .L1, x 18.3= MaLx = 1.0 20 996

2 4 .L,.DSx 18.3 -- L.ix J,, = _19.A W 99

.6 .5-3 10- x 18.3 ="x LD 9.4 330 .9

AVG. . .9AJ..



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: F7LmTEe. TEST # 4L

ELEMENT # AI318722 (2.5 ELEMENT)
MEMBRANE SHEET # 8722-IZA
MEMBRANE I.D. # 8722-41

CONTROL MEMBRANE TEST DATA BEFQRE BTOCIDE EXPOSURE

TEST DATE: ..2.__ 91 START TIME: 1s4e
PRESSURE: 800 psi FINISH TIME: I Q4o
FLOW 9ATE: 0. P 9 gpm ELAPSED TIME: /.0 hr.
TEMPERATURE: B3 _C COLLECTION TIME: 5. min.
FEED CONDUCTIVITY: "OQ..umhos
FEED pH: 7.J DATA TAKEN BY:_.

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

11 7. L52-. x 18.3 =ZI..kx QflMQ. = 2-3.4 faQ) 92412

2 3 1L L.x 18.3 =2L-2x Q. = 2-4-0.. 5&0 99.

3 s .21.. 158 x 18.3 = &2_x aghp = 24Ai 5&3. 99,e)~

AVG. .Z2.. .&D.Z. .90.Q

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:5ffijfYl( MjD CONC.: O.Lf .BUFFER: 4QCL/ ,/C0 5 pH:.5,

IMMERSION IN BIOCIDE:JOJI/ 91 REMOVAL FROM BIOCIDE:.L.9//l'2
TOTAL TIME IN BIOCIDE:_2L/DAYS

TEST DATE:1.// 9J'2 START TIME: ,-.I5
PRESSURE:- - . ----- ISI FINISH TIME: 1415
FLOW RATE: gpm ELAPSED TIME: 1.0 hr.
TEMPERATURE: 5-J.... C COLLECTION TIME: 9.0 min.
FEED CONDUCTIVITY:.Z2Q0.umhos
FEED pH: DATA TAKEN BY: t't..

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 .i.9_ 1.IB x 18.3 =2L.., .Lx Uo 21.1o AL90 V9..

2 4 3. I x 1, 8.3 2J,:.%.L 21 2 400 99.5
3 6 Av& A._ x 18.3 .l.. 1.00 =.. .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLITEC TEST # 49
ELEMENT # Am31s722
MEMBRANE SHEET # A722- Iu
MEMBRANE I.D. # e722-49

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 91 START TIME: ,io
PRESSURE: CX) psi FINISH TIME:
FLOW RATE: OJOS gpm ELAPSED TIME: ... hr.
TEMPERATURE: 29.57 C COLLECTION TIME: mn.
FEED CONDUCTIVITY: 610000.umos
FEED pH: DATA TAKEN BY: K.M

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 7.4 1_ x 1.3= _._ 41 = 2 650

2 3 7a_ 14A x 18 .3 = lbax 9. - 22.6 AM9
3 5 7.2 1.44 x 1.3 =Zk z 0,B1 = 22.2 780 9.7

AVG. 2Zzd .M.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: S&lUtYLiC JD CONC.:.BUFFER: 146 /./AO PH: .07

IMMERSION IN BIOCIDE:.Q/..jJ 91 REMOVAL FROM BIOCIDE:jJ/9Jr
TOTAL TIME IN BIOCIDE:_2LDAYS

TEST DATE:jJW 94r2 START TIME: J&
PRESSURE:..- psi FINISH TIME: /bw -
FLOW RATE: 0.70 gpm ELAPSED TIME: E hr.
TEMPERATURE: 2S,0 C COLLECTION TIME: mn.
FEED CONDUCTIVITY: . .. umhos
FEED pH: 17 1 DATA TAKEN BY: E. M.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 ,.A J48 x 18.3 - %Ix -- , . - 2s. 4 90. 9A

2 4 IALQ_ J= x 18.3 = 2L*x .L. 22.0 620 99.1

3 6 A. & J4. x 18.3-73a.2,x lQQ. 2 500 ,9.a

AVG.. .. ,.



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FILMTEC TEST # 5 .
ELEMENT # Ai392/E
MEMBRANE SHEET # 21&5-2
MEMBRANE I.D. # 214,65 -

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: IQI 91 START TIME: _ __ __"

PRESSURE:. psi FINISH TIME: IIr

FLOW RATE: gpm ELAPSED TIME: I., hr.

TEMPERATURE: 32 C COLLECTION TIME: 0-3e) min.

FEED CONDUCTIVITY: 6, DTTum:os

FEED pH: 7,7 DATA TAKEN BY: ____"r_.

CELL SAMPLE MIS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 1 .2 L~bx 18.34~Q = o ~ _4. 40 9

2 3 ". .L x 18.3 = &_.2 5 = 20. 1
3 s IA. 4P x 18.3 = 2i.Qx Qa& Z2. _s~o .4A

AVG. .Z. o _...

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:QMZp't o*e4g/ri4 CONC.: 0$. TvBUFFER: :AfC&i/,&A pH: .1

IMMERSION IN BIOCIDE:1J.U 91 REMOVAL FROM BIOCIDE:IJ4/99Z
TOTAL TIME IN BIOCIDE:__.DAYS

TEST DATE:IJLJ/ 9tA. START TIME: 0 95'
PRESSURE: goo psi FINISH TIME: /9 S'-d
FLOW RATE: 0. 7A ypm ELAPSED TIME: .0 -hr.
TEMPERATURE: '....C COLLECTION TIME: - in.
FEED CONDUCTIVITY: _.0y.. umhos
FEED pH:. 7 DATA TAKEN BY: __"7"

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 x 18.3x -

2 4 " x 18.3 = ._-_x

3 6 .. x 18.3 = _x <.-

AVG. .. ... .--



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FiLMTE, TEST # 57
ELEMENT # Aita92/&5
MEMBRANE SHEET # 211-
MEMBRANE I.D. # 2 _ -7

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: i./_jJ 91 START TIME: ___ :L.
PRESSURE: ______-psI FINISH TIME: j236
FLOW RATE: 1) gpm ELAPSED TIME: 1 hr.
TEMPERATURE: E32. C COLLECTION TIME: 5..m- min.
FEED CONDUCTIVITY: Ja .. _umhos
FEED pH: 7. l DATA TAKEN BY: .9=

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 127 Lx 18.3 ~xQ5 ( = 1.

2 3 _2& A_ L x 18.3 =&Xx 21,1B 45 99& A
3 5 .275. . tx 18.3 = aJdix Qa(0. 2LQ-0 54 9-

AVG. ,2tL,._ .,5.5.- M.-1.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:Q/&AV0,o 'ACONC: 0.fI BUFFER: //CtQs, !4./1CO pH: r.r

IMMERSION IN BIOCIDE:.L.JLj 91 REMOVAL FROM BIOCIDE:J/I.91
TOTAL TIME IN BIOCIDE:LDAYS2.DAYS

TEST DATE:.JLV/ 91 START TIME: _____o
PRESSURE: ROO psi FINISH TIME: /. 4o
FLOW RATE: Ql 79 pm ELAPSED TIME: /.! hr.
TEMPERATURE: . -C COLLECTION TIME: _min.
FEED CONDUCTIVITY: .Zg.go.umhos
FEED pH: 77 DATA TAKEN BY: d. A.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (M)

1 2 xA/o , "gz 18.3- x 4__ _._ 1.

2 4 " . . x 18.3= .__.x - <0•

AVG ...-



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: F.amrME-C TEST # 58

ELEMENT # Ai-s92/,,5
MEMBRANE SHEET # _.__-4

MEMBRANE I.D. # 2/I,-6B

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: .LWJi_ 91 START TIME: 1
PRESSURE: psi FINISH TIME:
FLOW RATE: _2 gpm ELAPSED TIME: _ .___ hr.
TEMPERATURE: 2 C COLLECTION TIME:. .AD n min.
FEED CONDUCTIVITY: *4Q.__umhos
FEED pH: 7.S. DATA TAKEN BY:, k7 "

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 1 7.9 x 18.3 = . .-x =6 = _ .2. ow 9

2 3 2 L x 18.3 = ?&.2lx = 2Z.1 0 %..
3 .& L~ x 18.3 = 2Lx Q-165 = .ZL 52 9

AVG. - - 2. .90.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
80N ZA'loAo"'01 1VBIOCIDE: CJ QR gdige1.QfON C.: 0,21oBUFFER:9CA/, O IM."pH:

IMMERSION IN BIOCIDE:12/LLJ 91 REMOVAL FROM BIOCIDE:.J.9t*-
TOTAL TIME IN BIOCIDE: _7L.DAYS

TEST DATE:JLLI 9*2 START TIME: IJr.25
PRESSURE: 10 .. psI FINISH TIME: _ _,_ _
FLOW RATE: t. 7A. pm ELAPSED TIME: /.a hr.
TEMPERATURE: .01 C COLLECTION TIME: is -_min.
FEED CONDUCTIVITY: "000 umhos
FEED pH: 7.7 DATA TAKEN BY: % 7

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umhos) (%)

1 2 LL 9 x =183-. x 1. 00 0 40oo ,973.1

2 4 .dtj 0. 4 x x1.3A _ _ /d.o = _.,,/ 1,

3 _ ,,4, x .3 ... 00 Al. g 1-oo ?o.o

AVG. o.._. ....l



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FIHTm-rE TEST # 6,
ELEMENT # Aja221&,s
MEMBRANE SHEET # 2ws-9
MEMBRANE I.D. # 21/,S-lS

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: 1I,0221 91 START TIME: I10
PRESSURE: E0 psi FINISH TIME: I2.Ds
FLOW RATE: 2_ ... Ipm ELAPSED TIME: j, 0 hr.
TEMPERATURE:TU E: . C COLLECTION TIME: 5.0 min.
FEED CONDUCTIVITY: £ Q .. umnhos
FEED pH: 7-4 DATA TAKEN BY: __,'._

CELL SAMPLE MLS MLS I MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (M)

1 1 ML JA x 18.3 = 25- =x e. = 22 _70 99.4

2 3 7.2. 14,x. 3.zhU xQ - 22. 320 99.5

3 5 722. 1JA4 x 1&3=&Q( -Zk9 m22 5Q.. 99.1
AVG. , ,.. ..-4 .. . .,.

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE
BIOCIDE:_ 5-9,.19 9CONC.: 92./ 7v -BUFFER: AM./ I'ddfag PH: T.4

IMMERSION IN BIOClDE:1.QF/J 91 REMOVAL FROM BIOIDE:.L/dj/,9
TOTAL TIME IN BIOCIDE:_.SI__DAYS

TEST DATE: _JII 91r START TIME: 0926
PRESSURE: goo -pSI FINISH TIME: 1 02e"
FLOW RATE: 0.170 gpm ELAPSED TIME: .0 hr.
TEMPERATURE: C 0 COLLECTION TIME: lr -MIn.
FEED CONDUCTIVITY: W-000 -umbos
FEED pH: 7.7 DATA TAKEN BY: C. . M.

CELL SAMPLE MLS MLS/MIN AREA TEMP. GFD COND. REJECTION

COR . CORR. (umbco) (M)

1 2 ALL 0.21 x 18.3 A /Od ,,, 0'7.. 99..$

2 4 q..f ..9.e 18.3 & U. = 12Q- & /Lo . 1 .7

3 6 .iL. .A x 183 Ik. x 1.00 = to, .?q..

AVG. Jti Z1o .



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: nLwrEr TEST # 62
ELEMENT # A-3921U6
MEMBRANE SHEET # 2166-A
MEMBRANE I.D. # 21t.5-&2

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: IQ/VJ 91 START TIME: at=
PRESSURE: psi FINISH TIME: _
FLOW RATE: o09 spm ELAPSED TIME: .h hr.
TEMPERATURE: R25 .C COLLECTION TIME: B7. 0 min.
FEED CONDUCTIVITY: .a. .mmhos
FEED pH: 7.4 DATA TAKEN BY: .r7

CELL SAMPLE MLS MLS / MIN AREA TEMP. GFD COND. REJECTION
CORR CORR. (umbo) (M)

1 1 2 13 , 18.& Q.36 a -- 4.4 410 99.

2 3 .ZB..- IW1.3 - Qfz 0 a 2..2i 410Q9

3 S -1S& .Lk z 18.3 =ZDxx IQ~ a 24-7 45 99L
AVG. -244. --.. .- 5

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE:.,,3O IC 4d0 -CONC.:Q0 &BUFFER: UCAr/I*.1 H: ,.4"

IMMERSION IN BIOCIDE:....tJ 91 REMOVAL FROM BIOCIDE:L/49t,,
TOTAL TIME IN BIOCIDE:...ttDAYS

TEST DATE:L// 904 START TIME: 1i15,
PRESSURE: ftOo psi FINISH TIME: 1245
FLOW RATE: 0. , _spm ELAPSED TIME: t.o hr.
TEMPER ATURE: . C COLLECTION TIME: 5" min.
FEED CONDUCTIVITY: .&OOO umhos
FEED pH: _7,_7 DATA TAKEN BY: C.E.Al.

CELL SAMPLE MIS MLS/MIN AREA TEMP. GFD COND. REJECTION
COR. CORR. (umbo.) (M)

2AV. .LZ.l. 3/. _24.

3 L L 83 -9"x~ Q311 1: - J99 4l

AVG. 12 .1 L /



BIOCIDE STUDY
MEMBRANE TEST DATA

ELEMENT SUPPLIER: FLmnT"e TEST # j,5
ELEMENT # AtW2/o;
MEMBRANE SHEET # 21&B-l
MEMBRANE I.D. # 21&5-&6

CONTROL MEMBRANE TEST DATA BEFORE BIOCIDE EXPOSURE

TEST DATE: DjQL.ZZ 91 START TIME: /355
PRESSURE: -si FINISH TIME: 1466
FLOW RATE: .32.. gpm ELAPSED TIME: .0. hr.
TEMPERATURE: 51.5 C COLLECTION TIME:8- 5. -- win.
FEED CONDUCTIVITY: fL umhos
FEED pH: '74 DATA TAKEN BY:_ ._-

CELL SAMPLE MLS MIS / MIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umbos) (M)

1 1 Z(ji 1,2 x 18.3 -~&~ =s Q. u A1Q0 99
2 3 A&-L .L.zx1& 3 mZ4 z 0 55a 21L0 MQ&99.

3 5 I .. "-" - - --- "--"--

AVG. .atj. 5

MEMBRANE TEST DATA AFTER BIOCIDE EXPOSURE

BIOCIDE: SlO 4 1C0 CONC.:QBUFFER: 0-01%AI M .PH: .. "

IMMERSION IN BIOCIDE:J_ Ij 91 REMOVAL FROM BIOCIDE:._Lj'91a
TOTAL TIME IN BIOCIDE:_ff__DAYS

TEST DATE:.L_ 9. START TIME: eo
PRESSURE:- .OO -psi FINISH TIME: IT90
FLOW RATE: O 580 Rpm ELAPSED TIME: /.o hr.
TEMPERATURE: .. " " C COLLECTION TIME:S .min.
FEED CONDUCTIVITY: .5"*1 000 umbos
FEED pH: 71 DATA TAKEN BY: C. '. M,

CELL SAMPLE MIS MLSMIN AREA TEMP. GFD COND. REJECTION
CORR. CORR. (umboo) (M)

1 2 -L Lkx1& •13 =L2.-_x S 19.1 qg.o

2 4 Z... a....z. .L3...-.....2... 19... 917..

3 ~~ ~ ~ AG 111 All.~.!~x L-IL AQ



Great Lakes MATERIAL SAFETY DATA SHEET
@ Chemical Corporation

EMERGENCY TELEPHONE (501) 862-5141

IDENTITY - Bromochlorodimethylhydantoin

SECTION I - PRODUCT INFORMATION

MANUFACTURER'S NAME - GREAT LAKES CHEMICAL CORPORATION

TELEPHONE NUMBER FOR INFORMATION - (317) 497-6100

CAS REGISTRY NO. EPA Registered DATE PREPARED 7/90
Pesticide

iORMUL& CH 6BrCIN.O2  SUPERCEDES 11/89

CHEMICAL FAMILY - Halogenated hydantoin

PREPARED BY - Research Services Department
Great Lakes Chemical Corporation
West Lafayette, Indiana 47906

SECTION II

HAZARDOUS COMPONENTS (Specify Chemical Identity: Common Names)

COMPONENT OSHA PEL ACGIH TLV Other Limits

l-Bromo-3-chloro-5,5- Not estbl. Not estbl. Maintain at
dimethyihydantoin low levels to

avoid dust
irritation

Inert ingredients Not estbl. Not estbl. Not estbl.

GLCC Product Code: 899

GREAT LAKES CHEMICAL CORPORATION
P.O. Box 2200 . Hijhway 52 NW .West Lafayette, Indiana 47906



Great Lakes Chemi&.4 Corporation 2"
MSDS - Bromochlorodimethyihydantoin

SECTION III - PHYSICAL/CHEMICAL CHARACTERISTICS

Boiling Point 3 Not Available
Density (lb/ft ) 64.5
Vapor Pressure (mm Hg) Not Available
Melting Point -320"F
Vapor Density (AIR=1) Not Available
Evaporation Rate

(Butyl Acetate=l) Not Available
Solubility in Water Soluble at recommended

dosage
Appearance and Odor White granular solid with

faint halogen odor

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

Flash Point (Method Used) Not Applicable
Flammable Limits Not Applicable
LEL Not Applicable
UEL Not Applicable

Extinguishing Media Water

Special Fire Fighting Procedures

In fires fueled by other materials, may release hydrogen
bromide or bromine. Wear self-contained breathing
apparatus. Ammonium phosphate fire extinguishers should
not be used.

Unusual Fire and Explosion Hazards

In large fires fueled by other materials, the product may
smolder for prolonged periods emitting a dense black
smoke.

SECTION V - REACTIVITY DATA

Stability Stable X Unstable

Conditions to Avoid: None

Incompatibility (Materials to Avoid)

Organic chemicals and any other readily oxidizable
materials, strong reducing agents.



^Great Lakes Chemid Corporation 3

MSDS - Bromochlorodimethyihydantoin

Hazardous Decomposition or Byproducts

Hydrogen bromide, bromine, hydrogen chloride, chlorine.

Hazardous Polymerization

May Occur Will Not Occur X

Conditions to Avoid: None

------------------------------------------------------------

SECTION VI - HEALTH HAZARD DATA

Route(s) of Entry:

Inhalation? Yes Skin? No Ingestion? Yes

Health Hazards (Acute and Chronic):

The combined oral LD50 in rats is 578 mg/kg. The acute
dermal LD 0 is >2.0 g/kg in rabbits. The primary skin
irritation index is 6.1 and the product is considered
corrosive to the skin and eyes. Contact with dilute
solution (0.1% or less) is non-irritating to the eyes and
skin. Acute hazard is the corrosive nature of the solid
to skin and eyes, chronic hazards are not known.

Carcinoaenicity:

NTP? No IARC Monographs? No OSHA Regulated? No

Sians and Symptoms of Exposure:

The material can cause irreversible eye damage and skin
irritation from contact. Inhalation of dust can cause
nasal and throat irritation.

Medical Conditions Generally Aggravated by Exposure:

None reported. Existing dermatitis may be aggravated by
exposure.

Emergency and First Aid Procedures:

If Swallowed: Seek medical attention promptly. Do not
induce vomiting. Do not drink alcohol. Drink at least
8 oz of water (not to exceed 0.23 oz/lb in a child).

IQnSin: Remove contaminated clothing immediately.
Brush off excess chemical and wash skin with large
volumes of soap and water, flushing the skin with water
for at least 15 minutes. If skin irritation develops,
seek medical attention.



Great Lakes Chemic Corporation 4
MSDS - Bromochlorodimethylhydantoin

For Eye Contact: Irrigate eyes with large volumes of room
temperature water for at least 15 minutes, then seek
medical attention promptly.

NOTE TO PHYSICIAN: Probable mucosal damage may contrain-
dicate the use of gastric lavage.

SECTION VI - PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to be Taken in Case Material is Released or Spilled

Sweep up spilled material and place in a clean, labeled,
suitable container. Avoid contact with skin, eyes, or
clothing. Avoid inhalation of dusts. Wash area of spill
with large amounts of water.

Waste Disposal Method

Wastes resulting from the use of this product may be
disposed of on site or at an approved disposal facility.
Do not reuse empty container. Triple rinse the container
(or equivalent), then offer for recycling or recondition-
ing, or puncture and dispose of in a sanitary landfill,
or incinerate. Burn only if allowed by state and local
authorities. If burned, stay out of smoke.

The NFPA has judged the product to be a class 2 oxidizer

in accordance with NFPA 43A-1980.

Precautions to be Taken in Handling and StorinQ

Keep product dry in tightly closed container when not in
use. Store in a cool, dry, well ventilated area away
from heat, open flames, organic chemicals and sunlight.
Transfer contents only to clean and dry containers.
Always replace cover.

Other Precautions

Do not contaminate water, food, or feed by storage or
disposal. Open dumping is prohibited.

DOT: Oxidizer, n.o.s. (l-Bromo-3-chloro-5,5-dimethyl-
hydantoin) UN 1479.

------------------------------------------------------------------------

SECTION VII1 - CONTROL MEASURES

Respiratory Protection

NIOSH approved dust mask is essential where dusting may
occur.



"Great Lakes Chemic i Corporation 5
MSDS - Bromochlorodimethylhydantoin

Ventilation

Local Exhaust - Use to minimize dusting

Special - None

Mechanical - Use for general area control

Other - None

Protective Gloves - Essential to wear rubber or plastic gloves

Eye Protection - Chemical safety goggles

Other Protective Eauipment - Clothing designed to minimize
skin contact

Work Hygienic Practices - Wash thoroughly after handling

Information on this form is furnished solely for the purpose of
compliance with OSHA's Hazard Communication Standard, 29CFR
1910.1200 and shall not be used for any other purpose.

DLMcF:sb:082



GretLakes MATERIAL SAFETY DATA SHEET
Chemical Corporation

EMERGENCY TELEPHONE (501) 862-5141

IDENTITY- CN-1754 ; Bronopol; bromonitropropane diol

SECTION I - PRODUCT INFORMATION

MANUFACTURER'S NAME - GREAT LAKES CHEMICAL CORPORATION

TELEPHONE NUMBER FOR INFORMATION - (317) 497-6100

CAS REGISTRY NO. 52-51-7 DATE PREPARED 6/90

FORMULA C3H6BrNO4  SUPERCEDES 1/90

CHEMICAL FAMILY - Halogenated substituted alkanol

PREPARED BY - Research Services Department
Great Lakes Chemical Corporation
West Lafayette, Indiana 47906

SECTION II

HAZARDOUS COMPONENTS (Specify Chemical Identity: Common Names)

COMPONENT OSHA PEL ACGIH TLV Other 'imits
Recommended

CN-1754 Not establ. Not establ. Maintain at low
levels to avoid
dust irritation

GLCC Product Code: 899

GREAT LAKES CHEMICAL CORPORATION
P.O. Box 2200 . Highway 52 NW .West Lafayette, Indiana 47906



Great Lakes Chemical corporation 2
MSDS.- CN-1754

SECTION III - PHYSICAL/CHEMICAL CHARACTERISTICS

Boiling Point Not Available
Specific Gravity (water--l) Not Available
Vapor Pressure (mm Hg) Not Available
Melting Point 130-133"C
Vapor Density (AIR=l) Not Available
Evaporation Rate

(Butyl Acetate=l) Not Available
Solubility in Water Not Available
Appearance and Odor White crystals, odor not

available

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

Flash Point (Method Used) Not Applicable
Flammable Limits Not Applicable
LEL Not Applicable
UEL Ito Applicable

Extinguishing Media

All conventional media are suitable

Special Fire Fighting Procedures

Wear self-contained breathing apparatus

Unusual Fire and Explosion Hazards

Toxic and corrosive hydrogen bromide and nitrogen
compounds can be released in fire situations.

SECTION V - REACTIVITY DATA

Stability Stable X Unstable

Conditions to Avoid: None known

Incompatibility (Materials to Avoid)

Alkalis, oxidizers, reducing agents, acid chlorides, acid
anhydrides.

Hazardous Decomposition or Byproducts

Hydrogen bromide, nitrogen oxides, carbon monoxide.



Great Lakes Chemical Corporation

MSDS.- CN-1754

Hazardous Polymerization

May Occur Will Not Occur X

Conditions to Avoid: None

SECTION VI - HEALTH HAZARD DATA

Route(s) of Entry:

Inhalation? Yes Skin? Yes Ingestion? Yes

Health Hazards (Acute and Chronic):

The acute oral LD50 with rats is 229 mg/kg. The dermal
LD 0 with rats is greater than 2000 mg/kg. The dermal
primary irritation index with rabbits is 4.6. The
material is considered moderately irritating to the skin.
The maximum average score was 110 at 21 days in the eye
irritation study with rabbits. The material is a severe
eye irritant and corrosive to the eyes. Chronic health
hazards are not known.

Carcinogenicity:

NTP? No IARC Monographs? No OSHA Regulated? No

Signs and Symptoms of Exposure:

Contact may cause irritation.

Medical Conditions Generally Aggravated by Exposure:

Not available.

Emergency and First Aid Procedures:

Eves: Flush with water for 15 minutes. Get medical
attention.

Skin: Flush with water. If irritation occurs, get
medical attention.

Inhalation: Remove person to fresh air, get medical

attention.

Ingestion: Get medical attention.

--------------------------------------------------------------



Great Lakes Chemical Corporation A

MSDS.- CN-1754

SECTION V1I - PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to be Taken in Case Material is Released or Spilled

Wear protective equipment. Avoid breathing dust.
Collect spill and place in suitable labeled container.

Waste Disposal Method

Dispose of waste in an approved chemical incinerator or
chemical landfill as allowed by current laws and
regulations.

Precautions to be Taken in Eandling and Storing

Avoid contact and dust inhalation.

Other Precautions

Keep container closed.

SECTION VIII - CONTROL MEASURES

Respiratory Protection

Wear NIOSH approved dust respirator if dusting occurs.

Ventilation

Local Exhaust - Use to minimize Special - None
dusting

Mechanical - Use for general area Other - None

control

Protective Gloves - Rubber or plastic

Eye Protection - Safety glasses or goggles

Other Protective Equipment - Body-covering clothing

Work Hygienic Practices - Wash thoroughly after handling

--- -----------------------------------------------------------

Information on this form is furnished solely for the purpose of
compliance with OSHA's Hazard Communication Standard, 29CFR
1910.1200 and shall not be used for any other purpose.

DLMcF:sb:008
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MATERIAL SAFETY DATA SHEET
NALCO 4~~ E KI 0 l" IRO D UCT NA co 2593 MICROBIOCIDE

NALCOnc Telephone Numb~erNAALCiO (7o8) 920-13s1o (24 hour.)

SECTION 1 PRODUCT IDENTIFICATION

TRADE NAME: NALCO 2593 MICROBIOCIDE
DESCRIPTION: An aqueous solution of substituted isothiazolinone

NFPA 704M/HMIS RATING: 3/3 HEALTH 0/0 FLAMMABILITY 0/0 REACTIVITY 0 OTHER

0=Insignificant 1=Slight 2=Moderate 3=High 4=Extreme

SECTION 2 HAZARDOUS INGREDIENTS

Our hazard evaluation has identified the following chemical ingredient(s) as *
hazardous under OSHA's Hazard Communication Rule, 29 CFR 1910.1200. Consult *
Section 14 fcr the nature of the hazard(s). *

INGREDIENT(S) CAS # APPROX.%

5-chloro-2-methyl-4 isothiazolin-3-one 26172-55-4 1.15 *
Z-methyl-4-isothiazolin-3-one 2682-20-4 0.35 *

SECTION 3 PRECAUTIONARY LABEL INFORMATION

DANGER: Corrsive. Causes eye damage and skin burns. May cause allergic *
skin reactlcn. May be harmful if inhaled. May be fatal if swallowed or *
absorbed through the skin. Do not get in eyes, on skin, or on cloth.ng. Wear *
goggles or face shield and rubber gloves when handling. Avoid breat."ing vapor *
or mist. Avoid contamination of food. Do not take internally. wast
thoroughly after handling. *

SECTION 4 FIRST AID INFORMATION

EYES: Imediately flush for at least 15 minutes while holding *
eyelids open. Call a physician at once. *

SKIN: Wash thorougly with soap and rinse with water. Remove and *
wash contaminated clothing before reuse. *

INGESTION: Do not induce vomiting. Drink promptly a large quantity of *
milk, egg whites, gelatin solution, or, if these are not *
available, drink large quantities of water. Avoid alcohol. *
Call a physician immediately. *

INHALATION: Remove inediately to fresh air. If not breathing, apply *
artificial respiration. If breathing is difficult, give
oxygen. Call a physician. *

NOTE TO PHYSICIAN: No specific antidote is known. Based on the *
individual reactions of the patient, the physician's judgment should be *
used to control symptoms and clinical condition. *

PAGE I OF 10



MATERIAL SAFETY DATA SHEET

N E PRODUCT NALCO 2593 MICROBIOCIDE

NALCO Emergency Telephone Number

Modical (708) 920-1510 (24 hours)

SECTION 6 TOXICOLOGY INFORMATION ( CONTINUED )

COMMENTS: Four-hour nominal concentration for a solution containing 1% *
active ingredients. *

SKIN IRRITATION INDEX DRAIZE RATING: Severe irritant *

EYE IRRITATION INDEX DRAIZE RATING: Corrosive (corneal damage)

SKIN SENSITIZATION: This product is a human sensitizer in its undiluted form. *

A Guinea pig (Buehler Technique) sensitization study with an induction *
dosage of 90 ppm of active ingredients followed by a insult of 429 ppm *
of active ingredients was positive.

*

A human repeated insult patch study of 28 c.m active ingredients
followed by a insult of 56 ppm of active ingredients resulted in no *
effect to the subjects tested. *

*

SUBCHRONIC TOXICITY RESULTS: A 90-day dietary study in dogs of 840 ppm of the
product's active ingredients resulted in no mortalities or pathological
findings. A 90-day dermal study in rabbits of 0.4 mg/kg/day of the product's *
active ingredients resulted in no irritaticn or pathological effects.

CHRONIC TOXICITY RESULTS: A teratology study with rabbits and rats was *

negative with dosages of active ingredient ranging from 1.5 mg/kg to 13 mg/kg.
Mutagenicity results were equivocal. A 30-month skin painting mouse study *

with applications of 400 ppm of active ingredients three times per week
showed no increase tumor frequency over control animals.

SECTION 7 PHYSICAL AND CHEMICAL PROPERTIES

COLOR: Pale yellow to green FORM: Liquid ODOR: Mild
DENSITY: 8.6 lbs/gal.
SOLUBILITY IN WATER: Completely
pH (NEAT) = 3 - 5 ASTM E-70
FREEZE POINT: 25 Degrees F ASTM D-1177
FLASH POINT: None

NOTE: These physical properties are typical values for this product.

SECTION 8 FIRE AND EXPLOSION INFORMATION

FLASH POINT: None

PAGE 3 OF 10



MATERIAL SAFETY DATA SHEET

Pd IRO D UCT-NACO 2593 :ICROB=I0CIDE I
NALCO Emergency Tlephone Numb

Medical (708) 920-1510 (24 hours

SECTION 11 SPILL AND DISPOSAL INFORMATION ( CONTINUED )

SPILL CONTROL AND RECOVERY: *

Small liquid spills: Contain with absorbent material, such as clay, soil or *
any commercially available absorbent. Shovel reclaimed liquid and absorbent *
into recovery or salvage drums for disposal. Refer to CERCLA in Secticn 14. *

Large liquid spills: Dike to prevent further movement and reclaim into *
recovery or salvage drums or tank truck for disposal. Refer to CERCLA *
in Section 14. *

*

This product is toxic to fish. It should not be directly discharged *
into lakes, ponds, streams, waterways or pubiiz water supplies. *

DISPOSAL: If this product becomes a waste, it meets the criteria of a *
hazardous waste as defined under the Resources Conservation and Recovery *
Act (RCRA) 40 CFR 261. Hazardous Waste D002. *

As a hazardous liquid waste, it must be solidified with stabilizing agents
(such as sand, fly ash, or cement) so that no free liquid remains before
disposal to a licensed industrial waste landfill (Hazardous Waste Treat=ent, *
Storage and Disposal facility). A hazardous liquid waste can also be
incinerated in accordance with local, state, and federal regulations. *

Pesticide wastes are toxic. Improper disposal of excess pesticide, spral *
mixture, or rinsate is a violation of Federal Law. If these wastes cannot be *
disposed of by use according to label instruction, contact your State *
Pesticide or Environmental Control Agency, or the Hazardous Waste *
representative at the nearest EPA Regional Cffice for guidance.

*

METAL CONTAINERS: Triple rinse (or equivalent). Then offer for recycli.*g or *
reconditioning, or puncture and dispose of ".' a sanitary landfill, or by other
procedures approved by state and local authorities. *

PLASTIC CONTAINERS: Do not reuse emy container. Triple rinse (or *
equivalent). Then puncture and dispose of .n a sanitary landfill, or, 4f *
allowed by state and local authorities, by burning. If burned, stay out of *
smoke. *

SECTION 12 ENVIRONMENTAL INFORMATION

CHMICAL OXYGEN DEMAND (COD): 20,000 mg/L *

TOTAL ORGANIC CARBON (TOC): 7,850 mq/L *

PAGE 5 OF 10



MATERIAL SAFETY DATA SHEET

PPRODUCT NALCO 2593 MICROBIOCIDE

NALCO Emergency Telephone Number

Medical (708) 920-1510 (24 hours$

SECTION 13 TRANSPORTATION INFORMATION

DOT PROPER SHIPPING NAME/HAZARD CODE - CORROSIVE LIQUID, N.O.S.
CORROSIVE MATERIAL UN 1760 *

CONTAINS - 5-CHLORO-2-METHYL-4-ISOTHIAZO *

LIN-3-ONE, CUPRIC NITRATE

SECTION 14 REGULATORY INFORMATION

The following regulations apply to this product.

FEDERAL REGULATIONS:

OSHA'S HAZARD COMMUNICATION RULE, 29 CFR 191-.1200: *

Based on our hazard evaluation, the following ingredients in this *

product are hazardcus and the reasons are shcwn below. *

5-chloro-2-methyl-4 isothiazolin-3-one - Corr~sive, sensitizer
5-chl2-me thyl-4 iazolin-3-one - Corrosive, se-stsitizer

5-chloro-2-methyl-4 isothiazolin-3-one (mist or aerosol) = 0.5 mg/m3  TLV *

Manufacturer's rec:mendation

CERCLA, 40 CFR 127, 302: "
This product contains cupric nitrate, a Repor-.able Quantity (RQ) substance and *

if 52.000 pounds :f product are released, i: requires notification to the
NATIONAL RESPONSE :-NTER, WASHINGTON, D. C. 1-800-424-8802).

SARA/SUPERFUND AME-NDMENTS AND REAUTHORIZATIC. ACT OF 1986
(TITLE III) - SECT'ONS 302, 311, 312 AND 313: *

SECTION 302 - EXT?.-_--ELY HAZARDOUS SUBSTANCES 40 CFR 355): *

This product does not contain ingredients listed in Appendix A and B as an
Extremely Hazardcus Substance.

SECTIONS 311 and .:2 - MATERIAL SAFETY DATA SHEET REQUIREMENTS (40 CFR 370): *

Our hazard evalua:-on has found this product to be hazardous. The produc:
should be reported under the following EPA hazard categories: "

XX Imediate (acu:e) health ,azard *

-- Delayed (chronic) health hazard *

-- Fire hazard *

-- Sudden release of pressure hazard *

- Reactive hazard *

SECTION 313 - LIS: OF TOXIC CHEMICALS (40 CFR 372):

PAGE 7 OF 10



MATERIAL SAFETY DATA SHEET

PRODUCTNAC: 2593 MICROBIOCIDE

NALCOEmgecN A C OEmrgency Telephone Number

Medical (708) 920-1510 (24 hours)

SECTION 14 REGULATORY INFORMATION ( CONTINUED )

INTERNATIONAL REGULATIONS: *
ft

This is not a WHMIS controlled product under The House of Commons of Canada *

Bill C-70. *

SECTION 15 ADDITIONAL INFORMATION

Note: Other toxicological results are available upon request.

SECTION 16 USER'S RESPONSIBILITY

This product material safety data sheet provides health and safety
information. The product is to be used in applications consistent with
our product literature. Individuals handling this product should he
informed of the recommended safety precautions and should have access
to this information. For any other uses, exposures should be evaluated
so that appropriate handling practices and training programs can be
established to ensure safe workplace operations. Please consult your
local sales representative for any further information.

SECTION 17 BIBLIOGRAPHY

ANNUAL REPORT ON CARCINOGENS, U.S. Department cf Health and Human Services,
Public Health Service, PB 33-135855, 1983.

CASARETT AND DOULL'S TOXICOLOGY, THE BASIC SCIENCE OF POISONS, Doull, J.,
Klaassen, C. D., and Admur, M. 0., eds., Macmil1an Publishing Company, inc.,
N. Y., 2nd edition, 1980.

CHEMICAL HAZARDS OF THE WORKPLACE, Proctor, N. H., and Hughes, J. P., eds.,
J. P. Lipincott Company, N.Y., 1981.

DANGEROUS PROPERTIES OF INDUSTRIAL MATERIALS, Sax, N. Irving, ed., Van
Nostrand Reinhold Company, N.Y., 6th edition, 1984.

IARC MONOGRAPHS ON THE EVALUATION OF THE CARCINOGENIC RISK OF CHEMICALS
TO MAN, Geneva: World Health Organization, International Agency for
Research on Cancer, 1972-1977.

PATTY'S INDUSTRIAL HYGIENE AND TOXICOLOGY, Clayton, G. D., Clayton, F. E.,
eds., John Wiley and Sons, N. Y., 3rd edition, Vol. 2 A-C, 19Al.

REGISTRY OF TOXIC EFFECTS ON CHEMICAL SUBSTANCES, U.S. Department of
Health and Human Services, Public Health Service, Center for Disease
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Material Safety Data Sheet
Description and Explanation of Terms

NALCO Emergency Telephone Number
Medical (708) 920-1510 (24 hours)

General Section 1 - Product Identification
The Material Safety Data Sheet (MSDS) has, over the This section identifies the Nalco product by Trade Name
years, become the major media for transmitting health and or Product Number. This is the same trade name or
safety information on chemical products. It is therefore product number that will appear on the product container
natural that it has been included in the new OSHA Hazard allowing you to match up the product label with the
Communication Standard (29CFR 1910.1200) as the key MSDS.
document along with the container label to provide hazardinformation to employees and employers. Nalco also provides a generic chemical description of all

major ingredients, both hazardous and non-hazardous.
These new OSHA regulations require chemical manufac- This is designed to give your health and safety personnel
turers to evaluate each chemical produced to determine if information on the class of chemistryt s) in our product
it is hazardous. The definition of "hazardous" has been without compromising the proprietary nature of the
expanded from the usual "flammable, corrosive, oxidizer, formulation.
explosive, toxic or highly toxic agents, carcinogen. etc.'" The third part of this section is the National Fire Protec-
include combustibles as well as irritants. Consequently. tion Association NFPA) 704M rating designation. This
many products that had not previously been classified as popula rating esigaick s
"hazardous" now fall into this classification under OSHk. popular rating system is used to give you a quick summary

of the hazards of the product regarding health. flam-
The new regulations require chemical manufacturers and mability, reactivity and other hazards. Based on NFPA
importers to prepare and distribute an MSDS for all definition. an organic product will always have a flam-
hazardous chemicals and that each container of hazardous rnability rating of at least (1) with inorganics having
chemical leaving the workplace be labeled. In addition. the a rating of (0).
chemical manufacturer is to provide a copy of the MSDS
to the purchaser at the time of shipment or before. Section 2 - Hazardous Ingredients

Nalco has established a computerized program to send We have evaluated our formulations for hazardous proper-
MSDS's to each purchaser upon receipt of a first order ties and identify those chemical ingredients which we
after November 25. 1985. The MSDS will automatically be believe cause or contribute to the hazard. As required by
sent to the attention of the purchasing agent at the "ship OSHA. these substances are identified if they are present
to address." A revised MSDS will also be sent to that in quantities greater than 17, or in tne case of car-
same address when a change has been made to the MSDS. cinogens. greater than 0.1%. or if our hazard evaluation

determines a hazard exists at lower concentrations. TheMSDS's will also continue to be available through your hazardous ingredients are identified by specific chemical
Nalco Sales Representative or upon req,'est to Nalco. name and their CAS number ithe Chemical Abstract

The Nalco MSDS complies with all of the requirements of Service number for that specific chemical).
the OSHA regulation. In addition. it provides you with aii To assist your industrial hygiene ant safety personnel
of the important information regarding the safe handling of Nalco identifies general or relative concentration ranges
our products. recommended protection measures. tox- into which the exact percentage of the hazardous
icologica data. and the status of our products under ingredient falls. This should enable your safety pro-
various federal and state environmental and safety fessional to evaluate the need for air sampling, employee
regulations. In short, we have put all of this information monitoring, or other protective measures. Since most of
into one document for your convenience and easy use. our product formulations are proprietary, exact per-

Nalco, as part of our overall commitment to product centages will be given only when there are no trade secret
safety, is providing MSDS's on all of our chemical concerns.
products regardless of whether the product is hazardous or In a few cases where disclosure vi specific chemical name
not. The OSHA reguiations require an MSDS to be pre- and CAS number of a hazardous ingredient would release
pared only for certain hazardous chemicals. trade secrets, we have identified the chemical as "pro-

This MSDS section description and explanation of terms is prietary' as permitted by the OSILA regulation. In the
designed to assist your interpretation of the MSDS so that event of an injury or accident. procedures are established
you may receive full value from the document. to communicate the specific identity to health pro-

fessionals who may have need for this information. In all

NALCO CHEMICAL COMPANY ONE NALCO CENTER o NAPEFVILLE. ILLINOIS 80563-1 198
(708) 305-1000



NALCO

cases, the hazard information and safe handling recom- 2. Toxicological test results for a product inarE

-- mendations are provided. 3. Use of test results on a similar formulation

Section 3 - Precautionary Label and,

Information 4. Use of information obtained in the open iitie

The drum or product container is labeled showing product supplier information for an ingredienu si.

identity, health and safety precautions as well as other In this Section. we present summaries of resu.
information on handling and use of the product. That por- toxicity tests. Explanations of results are gver
tion of the label which covers health and safety pre- In most cases. results are those from acute. Si:
cautions is included in this section of the MSDS. In this exposure tests conducted with laborator" arur
way, you can easily refer to what is shown on the drum it should be remembered that the test procec-.

label without actually seeing the container, quite stringent so that direct extrapolation of -

Empty drums or containers may contain residual product comparable human exposure must be viewec

and should be treated in accordance with the label require- context

ment unless the empty container has been properly recon- The types of acute animal tests which are rou:
ditioned. By EPA Standards iRCRA - 40CFR 261.7), a ducted include oral. dermal and inhalation ie!..
container is considered to be "'empty' when it contains: 1) and eve and skin irritancy studies. The iethaji:
no more than I inch 2.5 centimeters) of product, or 21 no invoive administration of the chemical to zrc--
more than 3% by weight of the total capacity of the con- animais at various graded dose levels an. recc
taminer if the container is less than or equal to 110 gallons taliry as one end point. The mortality-oose re.
in size or 3) no more than 0.3' by weight if the container for -ze calculation of the LD5 0 or LC50 : ann
is greater than 110 gallons in size. Empty drums that statistical methods. The LD90 is that aose i a
formerly contained chemicals listed in 40CFR 261.33 (c) chem'cal usually expressed in grams or -arUR'c
must be triple rinsed using a solvent capable of removing kiloram of animal body weight Ig/kg or =z i
the commerical chemical to qualifv as "empty." Quantities wouia produce death in one half of a group c:
of chemical greater than those indicated above which administered the chemicaL The LC50 is eou-va
remain in the container are considered -wastes" when dis- except it uses concentration rather than nose
posing of the container and appropriate RCRA regulations expressed as parts per million i ppmY. miizra
will apply. (mg, i or milligrams per cubic meter of a=, =-Z

and cermai tests use LD50 while inhalation -e.
Section 4 - First Aid Information In botn cases the smaller the value the --re

This section is designed to provide first aid information for chemicaL

the typical routes of exposure. The recommendations Eye an skin irritancy tests utilize weigteo .-.'-
should be followed in all cases. If exposure causes unex- scores to assess degree of injury or trritat: on
pected or delayed effects, or severe reaction or injury, you instances, such numerical scores are also :-1.'e.
should immediately consult a physician. Nalco ALERT. ratinz- such as mildly or severely irritatir.-= ,
our medical emergency system 1312.'920-1510) should be systems are modeled after those descrwea
called by the attending physician or others. Nalco ALERT (referred to in the Bibliography, Section
operates 24 hours/day, seven oays/week and is staffed by origina eye and skir irritation test procec'es.
trained professionals.

Resuits of skin sensitization tests conduc-c:

Section 5 - Health Effects Information animats are presented. Human data is given:
Genera~iy, these test results will be for ore r

This section describes the nature of the hazardous effect chemicsas in a formulation rather than tfle

resulting from exposure if no first aid or improper first aid i ia t t h

is given. The primary routes of exposure such as eye, skin.

inhalation or ingestion are listed along with the effects that When available and applicable, results of e-sts
could occur from acute Isingiep exposure and chronic to assess hazards other than lethality, wiii '-,e::
(repeated) exposure. The most iikely exposure for our pro- this Section under - "other toxicity resuits
ducts would be due to unsafe practices which result in skin studies.' These types of tests include life-r":e
or eye contact from splashes during handling or feeding of studies. reproduction tests, and tests designeo
the product. birth defects teratology studies). These tests a

conducted on individual chemical(s) rather =an

Section 6 - Toxicology Information mulated products,

Our health hazard evaluation for a product is based upon Other snort-term bioassays for changes to ,eet
one or more of the following run with bacterial and other cells. While tr, t-sei
1. Results of toxicological tests conducted on a product. identify genetic changes in tissue, the usenuness

informaton as a prediction of a similar effect to



continues to be a scientific uncertainty. If this data is ties which require labeling according to the Department
available, it will be provided in this section. of Transportation (DOT regulations or for waste
Since OSHA has broadened the criteria for acute health classification for disposal under the Resource Conservation

hazards and since the numerical rating is not uniformly and Recovery Act (RCRA).
accepted by all governmental agencies and scientific Section 8 - Fire and Explosion
bodies, we are including OSHA's definitions below- Information
Highly toxic substance is one having: If the product exhibits flammable characteristics, informa-
l. An oral LDso of 50 mg/kg or less. tion is provided on the recommended method for fighting

fire. Unusuai fire or explosion hazards are also given.2. A dermal LDso of 200 mgikg or iess. OSHA 29CFR 1910.1200 and the Department of
3. An inhalation LCso of 200 ppm or less of gas or Transportation iDOT consider products with flash points

vapor or 2 mg/I or less of mist. fume or dust. of less than 100 degrees Fahrenheit (F) as flammable
materials. Chemicals with flash points between 100A toxic substance is one having: degrees F and 200 degrees F are classified as combustioe.

I. An oral LDo between 50 and 500 mgkg. On the other hand. the Resource Conservation andRecovery Act iRCRA) - 40CFR 261 subpart C and D2. A dermal LDso between 200 and 1000 mgikg define those chemicals with flash points of 140 degrees F
and below aS :_=qnitbie.An inhalation LC50 between 200 ppm. 2.000 ppm of

gas or vapors, or between 2 and 20 mg/I of mist, fume Section g - Reactivity Information
or dust

The potentai for our products to aggressively react witiA corrosive substance is one which causes third degree other commoniv found chemicals or to decomposeburns and scar tissue from 4-hour skin contact to rabbits. represents a special hazard. Information is provided on

A skin irritant is one which causes redness and swelling possible interaction with other chemicals as well as reac-
which does not persist and results in a numerical score of tion of our products on commonly encountered matenaii
.3 out of 8 in greater than 50% of the animals tested. of construction used for chemical and feeding handlin,

systems.
An eve irritant - under 1910.1200 an eye irritant is one
which at a minimum results in a grade 2 redness and/or Section 10 - Personal Protective
,weiling of the conjunctiva in at least ; of 6 test animals Equipment
when tested by the methods described in 16CFR 1500.42
or other appropriate techniques. The maximum attainable Handling chemicals such as attaching feed pumps or
score using the Draize procedure is I*0 (80 for come& 10 transferring cmemicais from one container to another cc-
Cor iris. and 20 for conjunctiva). stitutes the most likely exposure to operating personne-

Recommendiations are provided to protect personnelUse of a finite irritation index to assess a chemical's poten- handg tiuss he pe o vetationne
iai as an eye irritant. ie. i.110 cannot always be made handling product spills, the type of ventilation needed -.a

because of inconsistencies between OSHA's definition and the protective equipment trespirator. gloves, goggles. etc-that should be used. This is one of the mostthe standard Draize scoring technique. in some instances. tat s e Thon s o e a the ovr
an index as low as 2.7/110 is sufficient to warrant the eye comunction oram and l e well ndera
Lrntation hazard statement while in otner instances an communicaton program and should be weil understooo
index of 6/110 would not. In cases oi conflict such as this and put in practice by operating personneL
we wiil point them out on the MSDS. Section 1 I - Spill and Disposal
This rating system tends to classify many substances as Information
irritants which would not be so classified under other The disposai of wastes generated at a facility is one of :e
reguilations. biggest probiems facing industry. This section provides

information on how to handle and clean up product spisSection 7 - Physical and Chemical and guidance for proper disposal should our product be
Properties considered a waste" intended for disposal
To assess the physical hazards of our products, we per-
form appropriate tests using procedures recommended by Section 12 - Environmental Information
the American Society for Testing and Materials (ASTM). This section provides information useful for assessing
Their procedure number is identified accordingly. The environmental impact of products or product constituents.
tests vary depending on the physical form and chemical When available and where applicable, information on parn-
nature of the product. These physical or chemical test tion coefficients, Biochemical Oxygen Demand (BOD). and
results are one of the factors reviewed in determining the Chemical Oxygen Demand (COD) is presented.
need for or type of subsequent toxicological testing The
results are also used to identify hazardous physical proper-



,ilts of acute aquatic bioassays are presented. These established by either OSHA (OSHA uses the term Per.
. isays, usually conducted on rainbow trout and bluegill missible Exposure Limit (PEL)I, the American Conference

..,ish are useful in assessing potential for adverse effects of Governmental Industrial Hygienists (ACGIH) or by the
on aquatic vertebrates. Results are usually expressed as chemical manufacturer.
96-hour LCso values ini milligrams per liter water (mgiDl or Three categories of TLV's are recognized: 1) the
parts per million (ppm). The LCso is the concentration Threshoid Limit Value-Time Weighted Average TLV-
which is lethal to 50% of a group of fish exposed for the TWA) - the time-weighted average concentration ior a nor-
time period indicated. It is synonmous with the term ral 8-hour workday and a 40-hour workweek, to wiich
TLso (the concentration which would result in the survival
of 50% of a given test group). In many instances. 24 and nearly ail workers may be repeatedly exposed day aiter
48 hours LCso values are given. When applicable, a 96- day, without adverse effect. 2) Threshold Limit Vaiue-
hour. no-observed effect concentration is presented based Short Term Exposure Limit (TLV-STEL - the coicentra-

uponlac of dvese ffecs ad motalty.tion to which workers can be exposed continuously for a
short period of time without suffering from a) irritation b)

While we know of no published list which ascribes a des- chronic or irreversible tissue damage, or c) narcosis of suf-
criptive rating to LC50 values, listed below are ratings we ficient deree to increase the likelihood of accidentai
use as internal guidelines: injury. impair self-rescue or materially reduce worx

efficiency, and provided that the daily TLV-TWA -.z not
96-Hour LC.0  Rating exceeded. A STEL is defined as a 15-minute time-

<1.0 ppm Extremely toxic weighted average exposure which should not be exceeded
at any t'me during a workday even if the 8-hour tz e-> 1.0<5.0 Highly toxic

>5<10.0 Toxic weighted average is within the TLV and 4) Thresnoid
>10<100 Moderately toxic Limit Vaiue-Ceiling tTLV-C) - the concentration -:atshouid not be exceeded during any part of the worming
>100<1000 Slightly toxic
>1000 Essentially non-toxic exposure.

We frequently receive questions on the status oi-
Section 1 3 - Transportation Information products under other federal environmental laws. '_r tnis

reason. wnen applicable, we are providing informat:on on
azardous chemicals are subject to regulation by the product status under major laws.
rtment of Transportation iDOT). Section 13 identifies

tne DOT proper shipping name and hazard class for the 1. OSH4 Hazard Communication 29CFR 1910. 1200 -
product, if any. This name will appear on all shipping These reguiations have been discussed previouss in
documents. Many times the name will reflect the hazard this document.
and not necessarily the exact chemical name identified in 2. Other OSHA Regulations - OSHA has estao. shed
Section 2. DOT hazard classifications are not always in specific regulations for various chemicals. If the-ze
agreement with those of OSHA- regutanons apply to our products, the reguiatic- and its

appucability is identified.

Section 14 - Regulatory Information 3. CERCL.-lISuperfrnd 40CFR 117.302 - This Zaw
Today chemical products are regulated from the time they .eoui-es the reporting of spills of certain chemc-s
are manufactured. during use. should any environmental xnen mze quantity spilled exceeds certain specTed
release occur, and when the material is finally ready for amounts. If Nalco's product contains one of tie
disposal Section 14 provides iniormation on the status of ;pecmnAed chemicals. the quantity of Nalco proaoct.
our products under the various federal and state ..vnicn must be spilled before the notification reowre-
regulations that may govern its manufacture, use or dis- e :_ triggered" is calculated and the chemica is
posal. Specifically, under the OSHA Hazard Communica- :denrified.
tion Rule 29CFR 1910.1200. the reason for classifying the
product as being hazardous is provided. A "hazardous 4. Toxic Substancea Control Act (TSCA) - On;s
classification' is triggered by such things as 1) being iuostances that are included on the TSCA 8 bi inven-
combustible (flash point 100-200 degrees F). 2) being -or. iist. have been exempted, or have been cieared
flammable (flash point less than 100 degrees F), 3) being a througn a TSCA premanufacturing notification, PMLNI
skin or an eye irritant. 4) presenting chronic health hazards can e legally manufactured and used in the U.S.A. As
such as liver damage, nerve damage, etc., 5) listed on the other sections of TSCA are implemented. other
National Toxicology Program tNTP) Annual Report on i'e~uions may apply and will be addressed.
Carcinogens or found to be a potential carcinogen by the

"rnational Agency for Research on Cancer (JARC), 6) or
A having an established workplace exposure limit or

immended limits Threshold Limit Value (TLV) can be



NALCO

5. If our product requires regisration or govern, Section 17 - Bibliography
mental claramnces for use in intended applications In addition to this MSDS section description, we may find
(examples. pesticides under FIFRA. food additives it of value to know the source material used in evaluating
under FDA, drinking water additives, fuel additives our products other than specific toxicity tests or physical/
under EPA. use in meat and poultry plants under chemical tests we may have performed. The references
USDA) the status under the appropriate law is below along with this document serve as a brief descrip-
indicated. tion of the hazard determination procedure we use in

6. Resource Conaervation and Recovery Act (RCRA) - evaluating our products.
Our products as sold are not wastes and therefore not
covered by this Act. However, should someone decide Typical Bibliographic Sources Used
to declare them a waste and discard them. then they
must be evaluated to determine how RCRA might cover Annual Report on Carcinogens, U.S. Department of Health
the waste. This information is provided on our products and Human Services. Public Health Service, PB 33-
should they become "a waste." Please refer to com- 135855, 1983.
ments in Section 3 of this document regarding empty Casarett and Doull Toxicology, The Basic Science of
containers. Poisons, Doull. J.. Kaassen. C. D., and Amdur, M. 0.. eds..

7. The Federal Clean Air and Water Acts 40CFR 60 Macmilian Publishing Company, Inc.. N.Y.. 2nd edition.
and 61 and 40CFR 401.15 and 116 contain sections 1980.
which specifically list chemicals for which these Chemical Hazards o the Workplace. Proctor. N. H.. and
regulations apply. If Nalco products contain as Hughes, J. P., eds.. . P. Lipincott Company, N.Y.. 1981.
ingredients any of the chemicals listed under these
sections, they will be identified. This wii allow assess- Dangerous Propernes of Industrial Materials. Sax. N. Irving&
ment of their impact, if any, on discharge ed.. Van Nostrand Reinhold Company, N.Y., 6th edition.
or emission permits. 1984.

We also get similar questions regarding the status of our IARC Monographs r'- the Evaluation of the Carcinogenic
products under state regulation State laws are becoming Risk of Chemicals to Man. Geneva: World Health Organiza-
more common and it is difficult to cover aii the specifics of tion. International A-ency for Research on Cancer.
each state law in this limited space. However. many states 1972-1977.

such as Michigan list those materials which they consider Patty's Industrial H-. -nene and Toxicology, Clayton. G. D..
hazardous or use criteria for listing chemicais. Examples of Clayton. F. E.. eds..' ohn Wiley and Sons, N.Y., 3rd
these criteria are the established TLV's by OSHA or edition, VoL 2 A-C. - 81.
ACGIH or the presence of the chemical on a ist such as
the National Toxicology Program (NTP) Annual Report or Registry of Toxic EfTf#..s of Chemical Substances. U.S.
Enternational Agency for Research on Cancer 1 LARC) list Department of Heaith and Human Services. Public Health
for suspect carcinogens. We are identifying those Service. Center for Disease Control National Institute for
chemicals for which there is an established TLV or that Occupational Safety and Health. 1983 supplement of
appear on the NTP or IARC lists. 1981-1982 edition. V')L 1-3. OH. 1984.

Title 29 Code of Federal Regulations Part 1910, Subpart
Z, Toxic and Hazarcrus Substances. Occupational Safety

There may be additional information availabie than what is and Health Adminis-aion (OSHA).
covered in other sections affecting health. safety and Threshold Limit Vaizas for Chemical Substances and Physi-
regulation of our product. Section 15 provides space to cal Agents in the Wtnroom Environment with
present this additional information. Intended Changes, A zerican Conference of Governmental

Section 16 - User's Responsibility Industrial Hygienists. OH.

This section is designed to serve as a reminder that the
information provided is of use only if it is transmitted to
the persons who handle the product or work in locations
where hazardous chemicals are used or stored. The infor-
mation is developed based on recommended uses for our
products. Other applications may warrant additional
review.



MEMSTOR

MEMBRANE STORAGE AGENT
replaces formalin, sodium metabisulfte, and other chemicals for
prevention of microbiological growth without creating an environmental
or health hazard

the the
Product Comparison MEMSTOR/FORMAUN

MEMSTOR Is a highly effecw MEMSTOR FORMALIN
agent used for the- short and long
term storage of RO and UF mem- 1.SasfWy Not cauatc Caustic to eyes, lungs, skin
branse. It replaces the use of for-
maldehyde, sodium metabisulfite, 2.Handlng No handling required Special requirements
and all other chemicals used in the Preweighed packages
prevention of microbiological &Storage Stable Special requirements, unstable,
growth within membrane car- Loses efficacy when diluted
tridges. Its use does not creats an 4. Disposal None Special requirements
environmental or health hazard.
MEMSTOR does not lose efficacy 5. Environmental No Impact Impacts ecology
as does metabisufite, nor does it
mate twdc vapors like fonnaide-

hyde. It Is non-reactie with meme- membranes for a minimum of 15 min-utee.
brane polymers and will not de- use 4. f r
grade membrane per- formance. use arcigsure stAeun

aa bPA xb rwih Instructions does not drain out of membrane.
as a Six PAK (6Xllb pre ghed & After atorage, Anse membrane with
polybags) or In a 251b polylined MEMSTOR can be used for ele- good quality water for 30 manutes
drum. ment storage hi-place or in an out- before system start-up.

side container. Outside storage re-
quires a drum or tank of sufficient CONTAINER-STORAGE

the dimensions to contain the number 1. Clean the membranes wih cleaners
of elements tha are to be stored. (Dlarnt LPIL Dlamite ACA or AFI)Features prior to storage. This Is a necessay

step to ensure a clean membrane sur.
I. Sab ow an dboWg I-PLACE9STORAGE face. (Clean h-place or on a leaning
Z Provwe mwdnfxfxm NINre ro- 1. Clean the membrane with cleaner skdk)
teCwion ql rut the danegft oef of (Diamlts LPH, Olamlte ACA or AFT) 2. Usng good quality waer Flo prod-
mk'o-0o W1am gMotw WO rn- prior to storage. This Is a necessary uct watsr), mix at a reio of one ox
brawr deviome step to nsure a clean membrane our- MEMSTOR or I package from MEM.
A pH adJVW to n ocptw facet STOR ShI PAK to 6 gallons wem r.
muiwnm toe effv*rewn 2. Using good quaty water (O prod- a Place membrane In storage con-

4. Doem eot m effi when .m uct water), mix at a rati of one pound tner containig MEMSTOR slution.
bra s am stoid bre.vxndpervfod MEMSTOR or 1 packp from MEM- 4. After storage, place membrane- In
Ofn. STOR SIx PAK to 4 gallons water. system nd riMe with good quality
S / mw qt dofa frm mutrare 3. Reciculate storage soIton, at low water for 30 minute prior to yetm
aw gym"0 A 000r8 .E pe ssue ha.psg. thrugh tart-up.C PamWW w a ft.j stab rnrw

PQNG-LEE Sorvice M~maw o mgram INIUM4 Son Olep CA (60 1 5 1 6UU



APR-26-91 FRI 8:31 ARGO S' "NTIFIC FAX NO. 61947 '69 P.02

ARGO SCIENTIFIC
930 5AILSY COURT, SUITS A
SAN MARCOS. CALIFORNIA O20 Q
(t,19) 7i-1LO. SAY. (6191 471-.31;

PROGARD SPCT M

MEMBRANE PRESERVATIVE
* Thin film and CA preservative

* FDA approved active ingredient

* Quick flush out

a Safe to drain
* Effective biostatic control
PRO ARD SPC' is a special formula designed to preserve thin film and cellulose

acetate membranes during storage conditions. The active ingredient in PROGARD
SPC" Is an antimicrobial agent which exhibits long-lasting bacteriostatic properties.
PROGARD SPC use instructions:

PROGARD SPC" should be mixed with deionized or reverse osmosis product
water in a 4-to-I solution (4 parts RO or DI water to I part PROGARD SPC"').

Systems which have been in storage for prolonged periods of time (longer than
four weeks) should be cleaned prior to start-up,



R-26-91 FRI 8:31 ARGO SCIE FIC FAX NO. 61947127 P.03

MATERIAL SAFETY DATA SHEET
ARGO SCIENTIFC EMERGENCY PHONE (619) 471-2650
935 Bailey Court -

San Marcos, CA 92069
Effective date: 8/89 MSDS No. 57-55-6
Product name: PROGARD SPC"
Chemical name and synonyms: NIA

Chemical famir. Glycol/CH 1003

Formula: Trade secret

1. HAZARDOUS COMPONENTS: None

2. PHYSICAL PROPERTIES
Boiling point: 212 F
Specific gravity: 1.04

Vapor pressure: Approx 17.6

Percent volatile: None
Vapor density: Greater than 1

Evaporation rate: Less than I

Water solubility: >99%
pH (3% Solution): 5.5 ± 0.5

Appearance & odor. Colorless liquid
Mild odor

3. FIRE & EXPLOSION DATA
Flash point- 212 (PMCC)
Extinguishing media: Wate, foam, C02, dry chemical
Special fire fighting procedures: Self-contained breathing apparatus recom-

mended for fires involving tUis product.
Unusual fire and explosion hazards: None known

4. REACTIVI'Y
Stability: Stable
Incompatibility: None known

Hazardous decomposition produft None known

Hazardous polymerization: Will not occur

5. ENVIRONMENTAL AND DISPOSAL INFORMATION
Bury or incinerate in accordance with all Federal, State 6; local regulations.

Waste disposal method: Soak up with sand or other suitable absorbent and

shovel into suitable waste container.



R-26-91 FRI 8:32 ARGO SCIF 'IFIC FAX NO. 6194712' P.04

6. HEALTH HAZARD DATA
Eye contact: Mild irritant
Skin contact- Mild irritant

Inhalation; Minimal irritant

7. FIRST AID
Eyes: Plush with water. GET MEDICAL ATENTION
Skin: Flush with water
Ingestion: Get water to dilute. GET MEDICAL ATTENTION
Inhalation: Remove from contact area

8. HANDLING PRECAUTIONS
Respiratory protection: None required
Ventilation; General ventilation
Protective gloves: Non-absorbent chemical type
Other equipment: Safety glasses or goggles

9. ADDITIONAL INFORMATION
Special precautions to be taken in handling and storage: None
Other precautions: None



chemists helping chemists in research & industry Telephone: (414) 273-3850
fr hch TWX: (910) 262-3052 Aldrichem MI

Telex: 26 843 Aldich M

aldrich chlco. FAX: (414) 273-4979

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

ATT'N: SAFETY DIRECTOR
SEPA.RAT!T],h SYSTEIS Tr-CHNOLOGIF.S INC
4Q01 :IORE,& BLVD
SUITE 809 SUITE~O9hATE: 10O/04/91
SAN JIEGO CA 92117 CUST: 0

CUSTIH: 938350
PON : 1904

4 A T E 4I A L SAFETY 0 A T A S H E E T PAGE I

IDENTIFICATION --

PRODUCT 1: 24758-8 NAME: SALICYLIC ACID* 99%, A.C.S. REAGENT
CAS ;;:69-72-7
HF: C7H603

iYNOi.YM4S
ACIDU i7LICILlCO (ITALIAN) * '.ENZOIC ACID, 2-4YDROXY- * I-
IYP9XY NU)IC ACID * 2-HYDROXYBENZOIC ACID *' KERALYT *' KYSELINA 2-

,IY'J . JXY:E'JZO]VA (CZEC:I) KYSELINA SALICYLOVA (CZECH) *
)/T'1fljqYUS-)XYBE.NZUIC ACID * RETARDER W 4 SA * SAX * VERRUSON

TOXICITY HAZARDS

TECS :O: V,10525000
SALICYLIC ACID

[RRITATION DATA
SKN-Q-3T 500 MG/24H ILD BIOFX* 21-3/71
EYE-RIT 100 MG SEV .IOFX* 21-3/71

TOXICITY OATA
CRL- kAT L05O:891 'IG/KG 8IfFX* 21-3/71
SCU-RAT L050:1250 MG/KG SRTCAC 36(1-4)910-89
ORL-'4US L050:4d0 'IG/KG HBTXAC 5,148,59
IPP-.US L050:300 MG/K GNRIDX 3,675.69
IVN-.wUS L050:184 MG/KG YKKZAJ 119990,71
ORL-CAT L050:400 MG/KG HSTXAC 5,148,59
ORL-;AT L050:1300 MG/KG NITRON 69291,82

REVIE-45, ';TAND9RDS, AND REGULATIONS
=-'A FIFRA 1988 PESTICIDE SUBJECT TO REGISTRATION OR Rc-REGISTRATION

FEEAC 54,43058,99
"'JHS 1174: NZ' '?680; NIS 39; TNF 6955; NOS 57; TIJE 61410

N)ES L)'13: '1D 67680000; TNF 40; NIS 2133; !JOS 50; T,'IE 51922; TFF
200)6

EPA GE.NETOX PROGRAM 1988, POSITIVE: S CEREVISIAE-REVERSI9N
:PA ';-NETQX PROGRAM 1988, NEGATIVE: HISTIDINE REVERSION-AMES TIST
E0 A I3CA CHEMICAL INVENTORY, JUNE 1990
EPA TSCA TEST SUBMISSION (TSCATS) DATA 3ASE, MARCH 1991

TARGET ,RGAN DATA
SENSE ]RGANS AND SPECIAL SENSES (TINNITUS)
BE4AV[ORAL (SOMNOLENCE)
3EHAVIURAL (CONVULSIONS OR EFFECT iN SEIZURE THRESHOLD)
EHAVIORAL (MUSCLE WEAKNESS)

CARUIAC (CHANGE IN RATE)
LUNGS. THORAX OR RESPIRArI[N (RESPIRATORY OEPRESSIQN)
MATERNAL EFFECTS (UTERUS, CERVIX. VAGINA)
MATERNAL EFFECTS (PARTURITION)
EFFECTS flN FERTILITY (POST-IMPLANTATION MORTALITY)
EFFECTS UN FERTILITY (LITTER SIZE)

CONTINUED ON NEXT PAGE
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chemists helping chemists in research & industry Telephone: (414) 273-3850
TWX (910) 262-3052 Aldrlchem MI
Telex 26 843 Aldrich Ml

cFAX (414) 273-4979

P.O. Box 355, Milwaukee, Wisconsin 53201 USA

, A T E R I A L S A F E T Y 0 A T A S H E T PAGE 2

CUSTO: 938350
PON: 1904

PROOUCT ": 24758-3 NAME: SALICYLIC ACID, Q9, A.C.S. REAGENT
CAS ed:69-72-7
AF: C746f3

TOXICITY HAZARDS

EFFECTS IN EMBRYO OR FETUS (EXTRA EMBRYONIC STRUCTURES)
EFFECTS ON EMBRYO OR FETUS (FETOTOXICITY)
SPFCIFIC DEVELCPMENTAL ABNORMALITIES (CENTRAL NERVOUS SYSTEM)
SDECIFIC OEVELOPMENTAL ABNORMALITIES (CRANIOFACIAL)
SPECIFIC DEVELOPMENTAL ABNORMALITIES (MUSCULOSKELETAL SYSTEM)
3PECIFIC DEVELOPMENTAL ABNORMALITIES (OTHER OFVEL,]PMENTAL

A3INORMALI TIES)

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES (RTECS)
OATA IS PRESENTED HERE. SEE ACTUAL ENTRY IN RTECS FOR COMPLETE INFORMATION.

HEALTH HAZARD DATA -------

ACUTE EFFECTS
HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.
CAUSES EYE AND SKIN IRRITATION.
MATERIAL IS IRRITATING TI MUCOUS MEMLERANES AND UPPER
RESPIRATORY TRACT.

CHRONIC EFFECTS
LABORATORY EXPERIMENTS HAVE SHOWN MUTAGENIC EFFECTS.
TARGET fJRGAN(S):
CENTRAL NERVOUS SYSTEM

FIRST AID
IN CASE OF CONTACT, IAMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF
WATER FOR AT LEAST 15 MINUTES.
104 CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS
AI0UNTS I-F WATER.
IF INHALED, IEMOVE TO FRESH AIR. IF NOT BREATHING GIVF ARTIFICIAL
RSPRRArION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.
4IASH CJNTAMINATIE CLOTHING BEFORE REUSE*

- --- -- ---------------PHYSICAL DATA ----------

BOILING PT: 211 C/20MM.
MELTING PT: 158 C TO 161 C
VAPUR OENSITY: 4.8
VAPOR PRESSURE: I MM & 114 C

APPEARANCE AND 3DOR
WHITE POWDER

CONTINUED ON NEXT PAGE
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chemists helping chemists in research & industry Telephone: (414) 273-3850
TWX (910) 262-3052 Aldrichem MIaldriTele 2hmia 843 Aldic Ml'° °

midrich chem ical ca. FAX- (414) 273-4979

P.O. Box 355, Milwaukee. Wisconsin 53201 USA

"I A T E R I A L S A F E T Y .A T A S H E E T PAGE 3

CUSTer: 938350
POI: 1904

PRODUCT 1: 24753-d NAME: SALICYLIC ACID, 91%, A.C.S. REAGENT
CAS 4:69-72-7
MF: C7H603

FIRE AND EXPLOSION HAZARD DATA

EXTINGUISHING MEDIA
WATER SPRAY.
CARaON OIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE Fr'AM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO
PREVENT CONTACT WITH SKIN AND EYES.

REACTIVITY DATA

INCOMPATIBLI TIES
STRONG OXIDIZING AGENTS
STRONG LASES
SENSITIVE TO LIGHT

HAZARI)OUS CJMBUSTION OIR DECOMPOSITION PRODUCTS
TOXIC FUMES OF:
CAR3ON MONOXIDE, CARBON DIOXIDE

SPILL OR LEAK PROCEDURES

STEPS T] 6E TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER 3ROTS AND HEAVY
RUBBER GLOVES.
SWEEP JP, PLACE I4 A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.

WASTE ,ISPOSAL METHOD
)ISSOLVE OR MX THE MATERIAL WITH A COMBUSTIBLE SJLVFNT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.

- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE

CHE-4ICAL SAFETY SOGGLES.
RUBBER GLOVES.
,IJOSH/ISHA-APPROVED RESPIRATOR,
SAFETY SHOWER AN EYE BATH.
USE ONLY IN A CHEMICAL FUME HOOD.
DO NfIT 3REATHE DUST.
DO NOT GET IN EYES, ON SKIN, ON CLOTHING.
WASH THOROUGHLY AFTER HANDLING.
TOXIC.
IRRITANT.

CONTINUED ON NEXT PAGE
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rUSTIf: 938350
POEf: 1904

PRO)DUCT 4: 24758-6 NAME: SALICYLIC ACID, 91%, A.C.S. REAGENT
CAS 4:69-72-7
HF: C7H603

-- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE

PPrISS IBELE IUTAGEN.
KEEP TIGHTLY CLOSED.
MOISTURE SENSITIVE
PROTECT FROM LIGHT.,
STOR.E [N~ A COOL DRY PLACE.

LABEL 0'7ECAUTICNARY STATEMENTS
TOIC (JSA DEFINITION)
HAR.MFuJL (EUROPEAN DEFINITION)
HAR~MFUL BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.
IRRIT4TING TO EYES, RESPIRATORY SYSTEM AND SKIN.
P9SSLaLE kdSK OIF [RREVERSIBLE cEFFECTSo
PUSSI'iL - MUTAGEN.,
TARGET 3RGAN(S):
CENTRAL INERVOUS SYSTEM
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATERk AND SEEK MEDICAL ADVICE.
wEA< GU[TABLE PROTECT[VE CLOTHING.,
00 NIOT FIREATHE DUST.

THE A60VF 14FORMATION IS BELIEVED TO BIE CORRECT BUT DOES NOT PURPORT TO BE
ALL 14CLUSIVE AND SHALL BE USED ONLY AS A GUIDE. ALDRICH S14ALL NOT BE HZLD
LIABLE F~OR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH THE
ABOVE ORODUCTS, SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FIR ADDITIONAL
TERMS A4D C9NP "IONS OF SALE.

COPYPI;HT 1z)9I ALDRICH CHEMICAL CO , INC.,
LICENlSF? >;-ANTEO TO mAKE UNLIMITED COPIES FOR INTERNAL USE ONLY.
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CHEMICAL DIVISION

INFORMATION SHEET 2050

SODIUM BENZOATE NF,FCC

Sodium benzoate is the sodium salt of benzoic acid. Sodium benzoate is a
white odorless, or nearly odorless, crystalline granule or powder with an
astringent, sweetish taste. It is widely employed in the food industry
as an antimicrobial agent. All three forms sold by Pfizer conform to the
specifications set by the National Formulary and the Food Chemicals Codex.

Properties

Formula C7 H NaO 2

Molecular Wt. 144.11

Solubility(250 C) g/100 ml
water 50
Alcohol 1.3
Ether Insoluble

Structure

Pfizer supplies three types of Sodium Benzoate NF,FCC.

Powder (S 4144)
Dense (S 4148)
Type LD (S 4146)

The products differ in particle size, which has direct impact upon the
solubility rate and dusting characteristics of the material.

Particle Size (USS Sieves)

Powder 2.0% Maximum on 80 mesh
Dense 1% Maximum on 8 mesh

30% Maximum through 80 mesh
Type LD 15% Maximum on 8 mesh

10% Maximum through 80 mesh



Comparative Rates of Dissolution

Powder 1:45
Dense 3:00
Type LD 3:25

Determined by measuring time required
for 100 grams to dissolve in 300 ml
water with controlled temperature and
agitation. The absolute value of the
data presented may vary because of
sample selection and methodology;
however, the order of ease of
dissolution is predictable.

Sodium Benzoate Powder is recommended when rapid solubility is a critical
factor in a process, and where dusting is not a problem.

Sodium Benzoate Type LD or "low dusting" is a very granular material with
fewer fines present. owing to the larger particle size, this material
requires more time to go into solution. Type LD is recommended when a
relatively low-dusting material is desired and for air-conveyor bulk-
handling systems.

Pfizer's standard Sodium Benzoate Dense is recommended for most appli-
cations, particularly when solubility rate or moderate dusting is not a
primary consideration.

Materials should be stored in well-closed containers.

Af CHEMICAL DIVISION

235 EAST 42nd STREET. NEW YORK. N.Y 10017

Branch Offices

230 Brighton Road 2400 West Central Road. 16700 Red Hill Avenue 4360 Northeast Expressway
Clifton, N.J. 07012 Hoffman Estates, Ill. 60196 Irvine, Calif. 92714 Doraville, Ga. 30340

September 1981
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SUdSTANCE IDENTIFICATION

CAS-NUM4ER 7631-90-5
SUBSTANCE:- SODIUM BISULFITE

TRADE NAMESISYNONYMS:
SULFUROUS ACIDs MONOSuDIUM SALT; FR-o2; HYDROgEN SODIUM SULFATE;
HYDROGEN SULFITE SODIUM; AONOSODIUM SULFITE; SODIUM ACID SULFITd;
SODIUM SISULPHITE; SODIUM HYDROGEN SULFiTE; SODIUM SULFITE; STCC 4944155;
S-654; 0HS21000

CHEMICAL FAMILY:
INORGANIC SALT

MOLECULAR FORMULA: NA-H-S-Q3

MOLECULAR WEIGHT: 104.06

CERCLA RATINGS (SCALE 0-3): HEALTH=3 FIRE=O REACTIVITY=O PERSISTENCE=O
NFPA RATINGS (SCALE C-4): HEALTH=3 FIRE=O REACTIVlTYzO

--------------------------------------------------------------------------------

COMPONENTS AND CONTAMINANTS

COMPONENT: SODIUM 8ISULFlTE PERCENT: 100

OTHER CONTAMI4ANTS: NUNE

EXPOSURE LIMITS:
SODIUM dISULFITE:

5 Mi/M3 OSHA TWA
5 M61IM3 ACGIH TWA

5000 POUNDS CERCLA SECTI-3w 103 *4EPORTAb..E OJANTITY

---------------- ----------------------------------------------------------------
PHYSICAL DATA

DESCRIPTION: WHITE CRYSTALS UR CRYSTALLINE POWDER WITH A SLIGHT SULFUROUS

ODOR AND TASTE. 3OILIN3 POLNT: DECOMPOSES MELTING POINT: DECOMPOSES

SPECIFIC GRAVITY: 1.43 PH: ACIDIC IN SOLUTION

SOLUc3LITY IN WATER: SOLUdLE

SOLVENT SULUaILITY: SLIGHTLY SOLUBLE IN ALCOHOL



Flec AND ZAPLOSION DATA

IRE AND EXCPL*)SION HAZARD:

6EGLl~b1LE FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME-

IREFIGHTING 14EDIA:
,AY CritiI'1CALr CAR8O0N iOIOXI~rc, jALUN, WATERI SPRAY OR STANDARD FOAM
(1757 EERGENCY RESPONSE u UID~dUOOK DOT P 5,300.4).

FOR LAR4ER FlRESo USE WATER SPRAY, FOG OR STAN4DAR~D FOAM
(1937 EMEhhjiNCY RESPONSE 4UIDEi3OOK, DOT P 5.300.:'4.

FA'REEJ.GHTINui:
MOVE CONTAINERS FROM FLRE AkREA IF PJSI6LE. COOL CONTAINERS EXPOSED TO FLAMES
,4iTH WATER FROM SIDE UNTiLL WELL AFTER FIRE IS OUT. STAY AWAY FRO3M ST0RAGE TANK
:NS (198? EMERGENCY RESPONSE GUIDE-cOOK, DOT P 5200.4o GUIDE PA3S 60).

~JSE AGENTS SUITAaLE FOR~ TYPE OF FIRE. USE WATER IN~ FLOODING AMOUNTS AS FOG.
C'JUL CONTAIN=ERS WITH FLOODINIG AMOUN4TS OF WATER, APPLY FROM AS FAR A DISTANCE
AS P'OSSIdLE* AVOID 3REATHdIN(4 CORSIV:- VAPORS, K~EP UPWIND.

---------------------------------------------------------------------------------
TRANSPORTATIJN DATA

DEPARTMtNT OF TRAN'SPORTATION HAZARD CLASSIFICATION 49CFR172.1O1:
%)Rm-c

DiPARTMENT UF TRAUSPORThT.LGN LA.JELI:'4G REQuIREM1ENTS 49CFR172.1O1 AND 172.432:
NONE

DEPARTMENT OF TRA:4SPORTATIOU PACK4AGING REQUIREMENTS: 49CFR173.800
EXCiPTIiONS: 49CFR173.505

---------------------------------------------------------------------------------

TOXICITY

S)DIUM tilSULFITE:
2000 'AG/KG ORAL-RAT LD50; 650 MG/KG INTRAPLRITONEAL-RAT LD953
115 M6/Kq INTRAVENOUS-RAT Lo50; 244 M6i/K~ IAJTRAPERITolEAL-DG LD5O; 779 MG/K6.
INTRAPRITONEAL-GUINEA Pli LD53; 575 mG/Kti INTRAPERITONiEAL-MOUS= LD5O;
300 M4/w(G INTRAPtRITONEhL-RAJIT LD5C; 130 M1G/KG INTRAVENUUS-MOUSE LDSO;
Z-5 M61iKv INTRAVENOUS-AA6IT LD50; MUTAGENIC DATA (RTECS).
CARCINOGEN STATUS: NONE.

SODIUM dISULFITE IS AN4 :Y7, SKIN, AND MUJCOUS ,4V'URANE IRRITANT AND A
i NI1TIZER. ASTHMATICS~ MAY dE AT AN INCREASED RI'S< FROM EXPOSURE.

---------------------------------------------------------------------------------
HkALTH cFFEcCTS AND FIRST AID

I NH~ALA TLOw~:
SJDIU.I dISULFITE:
IRRITANT/SENSITIZER.

ACUTE EXPOSURE- MAY CAUSE IRRITATIO4 WITH SORE TH1ROATf COUGHI1JGo AND
Se4ORTNESS OF JREATH. .nQUEOUS SOLUTIONS MAY CAUSE SEVERE IRRITATION.
SULFITES MAY CAUSE SENSITIZATION REACTIONS Ii PRIEVIOUSLY EXPOSED PERSONS,
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ESPtCIALLY ASTHMATICS. SYMPTOMS MAY INCLUDE FLUSHINGo SEVERE WHEEZINGP
SWELLING OF THE THAOAT, AND GENERALIZ-D ITCHING.

CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE MAY CAUSE SENSITIZATION.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED. PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST.
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDACAL ATTENTION IMMEDIATELY.

SKIN CONTACT:
SODIUM dISULFITE:
IRRITANT/SENSITIZER.

ACUTE EXPOSURE- CONTACT WITH THt SKIN MAY CAUSE IRRITATION. A2UEOUS
SOLUTIONS MAY CAUSE SEVERE iRRITTION WITH POSSI3LE CORROSION.
StNSITIZATION DgRMATITIS MAY OCCUR IN PrEVIJUSLY EXPOSED PERSONS.

C(mRNlC EXPOSURE- REPEATED OR PROLONGED eXPOSURE MAY CAUSE CO4TACT
DERMATITIS. SENSITIZATION REACTIONS HAVE i;EN REPORTED ALSO.

iIRST A7D- REMOVE CONTAMINATED CLOTHiNG AND SHOES IIMEDIATELY. WASH AFFECTED
A'tA wITH SOAP OR MILD DETERGENT AND LARGE AM3)UNTS OF WATER UNTIL NO
EViDENCE OF CHE.ICAL REMAINS (APPROXIMATELY 15-20 MINUTES). GET MEDICAL
ATTENTION IMMEDIATELY.

EYE CONTACT:
SODIUM BISULFITE:
IRRITANT.

ACUTE EXPOSURE- CONTACT WITH THE EYES MAY CAUSE IRRITATION. AlUEOUS
SOLUTIONS MAY CAzi.E SEVERE IRRITATION WITH POSSIBLE CORRCSIJN.

CHRONIC EXPOSURE- REPEATED ljR PROLONGED EXPOSURE MAY CAUSE CONJUNCTIVITIS.

FIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE,
OCCASIONALLY LIFTING UPPER AND LOWER LIDS, UNTIL NO EVID:NCE OF CHEMICAL

M~MI :( APPROXIMATELY 15-120 AI.UTES). - ET MEDICAL ATTENTION IMMEDIATELY.

INScSTION:
SODIUM dISULFITE:
SENSITIZER.
ACUTE EXPOSURE- MAY CAUSE IPRITATION OF THE STOM1ACH WITH AbDOMINAL PAIN AND

NAUSEA. THE ESTIMATED LTHAL OUiE IN HUMAIS IS 10 GRAMS. IN SUSCEPTIdLE
INDIVIDUALSo PARTICULARLY ASTHIATiCS, SULFITES MAY CAUSE GENERALIZED
FLUSHING, FAINTNESS, LRONCH DPASMS WITH WHE:ZINi AND SHORTNESS OF BREATH,
ANGIO.DEMA, HIVES, 6ENERALIZcD ITCHING, LARYN-.EAL EDEMA, HYPOTENSION,
CYANUSIS, RAPID PULSE, COLD, CLAMMY SKIN, ANAPHYLAXIS, RESPIRATORY ARREST,
AND UNCONSCIOUSNtSS. &;STIJN OF VERY LARGE DOSES OF SULFITES CAUSED
VIOLENT COLIC AID DIARRHEA, CIRCULATORY DISTUR3ANCES, CENTRAL NERVOUS
SYSTEM DEPRESSION, AND DEATH IN RATS.

CHRJNIC EXPUSURE- RmPEATED *JR PROLONGED INGESTION OF FOODS CONTAINING
SULFITES MAY CAUSE SENSITIZATION.

FIRST AID- DO NOT USE GASTRIC LAVAGE OR EMESIS. D:LUTE THE ACID IMMEDIATELY
aY JRINAING LARGE QUANTATIE$ JF WATER OR AILK. IF VOMITING PERSISTS,
ADMINISTER FLUIDS RcCATEDLY. II'GESTED ACID MUST - DILUTED APPROXIMATELY
1003 TImNS TO RENDEN IT mARMLEiS TO TISSUES. MAINTAIN AIRWAY AND TREAT SHOCK.
(DRcISBACHP HANDLIOCK 'F PJISONI'6, 11TH EO.). GET MtDICAL ATTENTION
IMMEDIATELY. IF VOMITING OCCURSP KEEP HEAD 3ELO HIPS TO HELP PREVENT
ASPIRATION.
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LNTLDjT:
IU SPiCIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SJPPORTIVELY.

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

EEACTIVITY

EACTIVITY:,
;TAiLi UNDER NORMAL TEMPERATURES AND PRESSURES IN AN ENCLOSED CONTAINER.
;LOWLY OXIDIZED TO THE SULFATE IN AIR.

NCOMPATI3LITIES:
ODIUM dISULFITE:
ACIDS (STRONG): RELEASES SULFUR DIOXIDE.
ALUMINUM: CORROSIVE.
OXIDIZERS: REACTS.

)ECUMPOSITION:
'H-EMAL DECOMPOSITION MAY RELEASE TOXIC OXIDiS .)F SULFUR AND TOXIC 3ODIUM
)XIDO.

I'OLYMERIZATION:
iAZARDOUS POLYMERIZATION HAS NOT JEcN REPORTED TO OCCUR UNDER NORMAL
rEMaERATURES AND PRESSURES.

STORAGE AND DiSPOSAL

J>SERdE ALL FEDERAL, STATE AND LJCAL R GULATIONS WHeN STORING CR DISPOSINi;
dF THIS SJaaTANCE. FOR ASaI3TANCE, CONTACT THE DISTRICT DIRZCTOR OF THE
ENVI&jNME4TAL PROTECTION A9jENCY.

**STORAGE**

;TU4E AWAY FROM INCOMPATIJLE SUilSTANCES.

CONDITIJNS TO AVOID

4ONE REPORTED.

SPILL AND LEAK PROCEDURES

iOIL SPILL:
)IJ A PIT, POND, LAGOON OR 4OLDlNG AREA TO CONTAIN LIQUID OR SOLID MATERIAL.
:jVdA SuLIDS WITH A PLASTIC SHEET TO PREVtNT DISSOLVINu IN RAIN OR
FlRtFIGHTING WATER.

ATER SPILL:
,EUTRALIZE WITH CAUSTIC SODA.

kDD CALCIUM HYPOCHLORITE TO SPILL.

DD SUITABLE AGENT TO NEUTRALIZE SPILLED MATERIAL TO PH-7.

ICCUPATIONAL SPILL:
;WiEP UP AND PLACE IN SUITABLE CLEANP DRY CONTAINERS FOR RECLAMATION OR LATER



ISP%)SL DO NOT FLUSH WITH WATER. KEEP UNNECESSARY PEOPLE AWAY.

iPORTAdLE QUANTITY CR0): 5001U POUNDS
HE SUPiRFUND AMEQNDMENTS AND ktAUTMORIZATION ACT (SARA) SECTION 304 REQUIRES
HAT A NELEASk tQUAL TO OR~ GRATER THAN THE RcPOR'TA3LE QUANTITY FOR T'41S
UdST.ANCE bE IMMEDIATELY REPORTED TO THE LOC~AL EMER"GENCY PLANN1NJG COMMITTEE
N2 THE STATE EMERGENCY RiSPUNSi COMMISSIaN (40 CFR 355.40). IF THE RELEASE OF
rIS SUdSTAoiCc IS REPORTA-JLE UNDEk CERCLA SECTI)N 103p THE NATIONAL RESPONSE
~NT.I AUST 6* N3TIFIED I-MME01ATELY Ar (300) 424-3602 OR (2-32) 426-2675 1-- THC'
iTROs'OLITAN WASHINGTON,, D.C. AREA (40 CFIR 302.6).

------------------- m------- ----------------------- m--------------- -------.............
PROT: CTIVE zQUIPM-'NT

cNTILATION:
'kDVluE Lv"CAL iXHiUST ViNTILATION AND/OR uENERAL DILUTION VLNTILArION TO MEET
'UdL1.SHiD EXOSURc LIAITS.9

liSPIRATtk:
miE SeI61FC RESPIPATOR S;.LLcCTE0 MUdi 8:- dASED UN THE C3NTAMINA'ION LEVELS
iU:JD IN THi WJRK PLACco ~IUST NOT EXCE-'D THE WOKe(ING LIMITS OF THE
Rc~eiATQR AND 'E JULNTLY AePROVED 4Y THE NhTIONAL INSTITUTE FOR
JCCUPATIO14AL 4iAFz:TY AND HEALTd h4D THt M4INC- SAFiTY AND HE-LTH.
ADMINISTRATIJN.

rNE FULL04ING RESEPIRAT(URS AkE RECOMMENDED 6ASED 0;4 THiE DATA FOU14D IN THE
PiIYSICAL DATAP HE~ALTH EFr-CTS AN4D TOXICITY 4"r*CTIJNS. THiY ARE RANKED IN
OAOD--R FROM MiINIM1UM TU lvi-XlMUM RESPIRATORY PKQTECTIOIJ:

DUST AN&) MIST RciSPI (ATOR WITH A FULL FACE?IiC .

AIR-PURlFYING FULL FACEPI-.CC- RV SP1ATOR WITH A HII3H-LFFICIENCY PARTICULATE'
F LT~i.

PjwERED AIA-PURIFYIN'j R%:SPIRATqR WITH A TIGAT-FITrING FAC-;P1ECE AND
hA.d-EFFICIENCY PARTICULATE FILTER,

TYi 'Co SUPPLIaO-Alk R=SPIRATOR WITH A FULL FACEP.LECE OPERATED IN
PESSURE-DZMAND £.R UTHLER PuSITIVt PRESSURE MODE 03 WITH A FULL FACEPIECE.,

HCLMET OR HOO~J OPZRAT.D IN CONTINUOUS-FLOW MOJUE.

S LF-CO,'TAINED JRiATHINJ ;Pr)ARATU'. WITH A FULL FACEPIECE OPE-RATE:D IN
PKSSUR-EM4AND OR O)THER IPOSITIVi PRESSURE MODE.

FUR FI~rFISHTING AND )THER It9MjEDIT--LY DANG:-RUUS TG LI~FE OR HEALTH CONDITIONS:

S:.LF-CuNTAINED :SREATHIN%3 APPARATUS WITH FULL FACiPIECL- UPERATEO IN PRESSURi
DzMANa OJR OTHER POSITIVE PR..SiURE MOD6.

SJPe)LIED-AIR RESPIR^TOR WITH FULL FAC PIECEi AN'D OPERATED IN PqkSSURe.-DEMA1D
OR O)THE. ?OSITIVc PRESi.SURE .400E IN4 CO.'4AINATICIA 41TH AN AUXILIARY
ScLF-CONTAiNEO URiATHIN4i N.PPAiATUS3 OPERATiED IN PR -SSUR-:'-DEMAND OR OTHER
PUSITlic PRdSSURE MODE.

-MPLJYEc AUST WEAR APPROPRIATz eROTECTIVE (IMP'kVIOJ3 CLJTHING AND EQU~rhMENT
ro PivtT REPEATiD 014 PR'JL'JN4iD iKIN CUNTACT WIT4 THIS SUHSTANCL-
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Product Safety Information

GUESTEXO 4SW
Tetrasodium Ethylenediaminetetraacetate, Hydrate

This Product Safety Information Sheet is principally Use standard firefighting techniques in extinguishing
directed to managerial, safety. hygiene and medical per- fires involving this material- use water, dry chemicals.
sonnel. The description of physical, chemical and toxi- foam, carbon dioxide or other suitable suffocation
cological properties and handling advice is based on agents.
experimental results and past experience. It is intended V1. TOXICOLOGY
as a starting point for the development of safety and CAUTION: Prolonged or repeated contact may causehealth procedures. CUIN rlne rrpae otc a as

irritation. Avoid contact with eyes. skin and clothing.

I. PHYSICAL AND CHEMICAL PROPERTIES Ingestion
Formula: C,oH, 2 NNa.O • 4H 20 The acute oral L5O0 is 630 to 1260 mg/kg in rats.
Formula Weight: 452.2 (Na.EDTA)
Physical State: White crystalline solid Skin Contact
Water Solubility: 103 gm/100 gm H20 @ 250 C/77°F Prolonged or repeated skin contact may cause slight
pH: 10.5-115 (1% aqueous solution) redness. Nonirritant to skin following short-term con-
Bulk Density: Approximately 45 lbs./ft.3  tact.
Odor: None Eye Contact
Flash Point: None Moderate irritant to eyes. May cause slight transient

I1. CHEMICAL REACTIVITY corneal injury

An aqueous solution of this product complexes soluble Threshold Limit Value (TLV)
mullivalent metal ions over a wide pH range. It reacts The American Conference of Governmental Industrial
slowly with insoluble compounds containing metal ions. Hygienists has not established a TLV.
See Section X for information regarding chemical reac-
tivity with metals.

III. STABILITY VII. FIRST AID
This material is degraded by strong oxidizing agents CALL A PHYSICIAN IMMEDIATELY
such as chromic acid, potassium permanganate and
high concentrations of hydrogen peroxide. Prolonged If a known exposure occ-irs, or if poisoning is suspect-
heating or storage at temperatures greater than 2000 C/ ed. do not wait for symptoms to develop. Immediately
392°F will result in loss of water of hydration. initiate the recommended procedures below. Simulta-

IV. FIRE HAZARD neously contact a physician. or the nearest hospital. or
the nearest Poison Control Center. Inform the person

This material is not considered combustible, nor will it contacted of the type and extent of exposure. describe
support combustion. Ihe victim's symptoms. and follow the advice given. For

V., FIREFIGHTING TECHNIQUE additional information, call collect, day or night, Stauffer

As in any fire prevent human exposure to fire. smoke. Chemical Company (203) 226-6602 or Chemtrec (800)

fumes. or products of combustion. Evacuale nonessen- 424-9300,

tial personnel from the fire area. Ingestion
When there is a potential for exposure to fire, smoke. If swallowed- Immediately dilute the swallowed mate-

fumes, products of combustion. etc., firefighters should rial by giving large quantities of water. Induce vomiting
wear full-face. self-contained breathing apparatus and by gagging the victim with a blunt object placed on the
impervious clothing such as gloves, hoods. suits and back of the victim's tongue. Continue fluid administra-
rubber boots. tion until vomitus is clear. Never give anything by mouth

In case of suspected poisoning, refer to the procedure and emergency contacts in Section VII -
FIRST AID.

In case of spillage, refer to the procedure and emergency contacts in Section IX -SPILL HANDLING.
In case of animal poisoning. call a veterinarian or call collect, day or night (203) 226-6602 (Stauffer

Chemical Company) or (800) 424-9300 (Chemtrec).
In case of contamination of other materials with this product, call (800) 424-9300 (Chemtrec).

.... T ....... t" SAUFFER CHEMICAL COMPANY

..... , ,.,*.,~,, -. t. r I......... ........... INDUSTRIAL CHEMICAL DIVISION
... .... ......- ,. - - I Westport. Connecticut 06880



to an unconscious person. Call a physician or the near- can be prevented Ihrough the use of a NIOSH-approved
est Poison Control Center immediately. particulate filter respirator

Eye Contact IX. SPILL HANDLING
Immediately flush the eyes with large quantities of run- Make sure all personnel involved in the spill cleanup
ning water for a minimum of 15 minutes. Hold the eye- follow good industrial hygiene practices (refer to Sec-
lids apart during the flushing to ensure rinsing of the tion VIII).
entire surface of the eye and lids with water. Do not Small spills can be handled routinely. Use adequate
attempt to neutralize with chemical agents. Obtain med- ventilation and wear a dust mask to prevent inhalation.
ical attention as soon as possible. Oils or ointments Wear suitable protective clothing and eye protection to
should not be used. Continue the flushing for an addi- prevent skin and eye contact. Use the following proce-
tional 15 minutes if the physician is not immediately dures.
available. Sweep up the material being careful not to create
Skin Contact dust and transfer to an appropriate chemical waste con-
Remove any contaminated clothing and wash all affect- tainer. Seal container and dispose of in an approved
ed areas with plenty of soap and water. Seek medical landfill or in such a manner that will not adversely affect
attention if irritation occurs. the environment. The residue may be flushed with water

Inhalation
Remove from contaminated atmosphere. If breathing IN CASE OF EMErGENCY, CALL. DAY OR NIGHT
has ceased, clear the victim's airway and start mouth- (800) 424-9300 (CHEMTREC)
to-mouth artificial respiration, which mav be supple-
mented by the use of a bag-mask respirator, or a manu- X. CORROSIVITY TO MATERIALS
ally-triggered, oxygen supply capable of delivering one OF CONSTRUCTION
liter/second or more. If the victim is breathing, oxygen Lined-steel. stainless steel or fiber glass (vinyl ester
may be delivered from a demand-type or continuous- resin) are the preferred materials of construction for
flow inhalator, preferably with a physician's advice, process equipment and storage. Aqueous solutions of
Contact a physician immediately. this material are corrosive to comm, n metals such as
VIII. INDUSTRIAL HYGIENE aluminum, copper, most copper containing alloys, gal-
Ingestion vanized iron and nickel.
All food should be kept in a separate area away from XI. STORAGE REQUIREMENTS
the working location. Eating, drinking, and smoking Containers should be stored in a coot, dry, well-venti-
should be prohibited in areas where there is a potential lated area. Exercise due caution to prevent damage to
for significant exposure to this material. Before eating. or leakage from the container.
hands and face should be thoroughly washed.
Skin Contact XII. DISPOSAL OF UNUSED MATERIAL
Skin contact should be minimized through the use of Material that cannot be used or chemically reprocessed
gloves and suitable long-sleeved clothing, should be disposed of in an approved landfill or incin-
Eye Contact erated by means equipped with appropriate environ-
Eye contact should be prevented through the use of mental pollution controls.
chemical safety glasses, goggles or a face shield. XIII. DISPOSAL OF CONTAINER
Inhalation Empty containers may be incinerated by means
If dust is generated, it should be controlled by local ex- equipped with appropriate environmental pollution con-
haust ventilation. Where this is not feasible, inhalation trols or may be discarded with the general trash.


